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CROOKES’ LEJMNISCATE DIAGRAM OF SYNTHESIS Of 

ELEMENTS. ' 

(See Crookes’ presidential address. Chemical Society, 1888.) > 


i 


Ik 




This and the previous diagram exhibit the genetic relations of the elements 
to each otJ;ier as derived from their atomic weights and general chemical 
characters. 

> Both attempt to show the periodic recurrence of similar functions or ;^o- 
perties, and the probable existence of “ triads ” or groups of several elements 
whose projierties and general behaviour are very similar. 



A COURSE 


OF 

PRACTICAL CHEMISTRY. 


INTEODtJOTION. 

Practical or experimental chemistry may be analytical — that is, 
simplifying or taking apart — or synthetical. 

Analysis may be by weight or volume, and is then quantitative/’ 
or may be simply the performance of reactions or tests to ascei'tain 
ithe quality* or nature of a substance, or “qualitative.” 

Synthesis is the making oj building up of a compound — of either 
mineral or organic nature — by starting from some elements or 
comparatively simple compounds, and, following some particular line 
of procedure, uniting them so as to form a definite new substance. 

Many synthetic methods have been indicated more or less distinctly 
by the results of analytic ones, or are based on theories originating 
from a consideration of analytical results. 

All forms of matter possess certain definite properties, and it is 
u]jon some variation in one or more of these properties that we 
have to depend for the identification of diJfferent fgrms of matter. 
The properties of matter fall easily into two groups : (1) physical, 
(2) chemical. • 

The physical properties of matter deal with matter in a state of 
apparent repose, and some of them, as colour, hardness, relative 
weight, &c., are at once noticeable. ^ 

llie chemical properties of a substance are not evident on sight. 
They are ascertained only by studying its behaviour with or towards 
other sub^ances when brought into intimate contact therewith under 
• some particular physical conditions, such as the temperature, degree 
of electrical excitation, <fec. 

Physical forces may alter a substance for the time bei^g, the 
'Substance reverting to its original form or state after the force 
pas ceased to act. With a chemical action the change is, as 
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surface. If made hot etioiigh the silver may melt, but be as go(id- 
looking^as ever. If they were weighed beforehand, the iron, with 
the dirt produced on it, will be found to be heavier after the heating 
than before, and the silver will not have changed. 

If this simple operation of heating be conducted 4n a vessel from 
whicl>the air has been removed by a pump no change in appearance or 
weight will in either case take place. This indicates*the surrounding 
air, or "some part of it, as being the probable cause of the change. 

F-xperiment and observation have proved that it certainly is one 
of the constituents of the air with which we have to deal in many 
cases of change of this type, and in many experiments and operations 
carried on under ordinary circumstances — that is, in contact with air. 

The atmosphere consists of a mixture of several gaseous substances, 
one of which in particular is active in attacking — which is the same 
thing as combining with — many other substances. It is taking part 
in many operations we perform in ordinary air, and is, in fact, one 
of the first, if not the foremost, material fi*om which the definite idea 
of chemical action or combination has been obtained. 

The air has been found to consist mainly of about 20 per cent, of 
this active constituent, called oxygen ; about 78 per cent, of nitrogen, 
a much less active substance ; a small quantity of some other gases, 
also of a supposed elementary or simple nature, named argon, helium, 
neon, cfec., amounting in the aggregate to about 1 percent?, and about^ 
which little of a chemical nature is yet known ; and a few other 
substances, of which carbon dioxide and water vapour are the most 
important. 

The relative amounts of these substances vary a little from place 
to place and time to time. This is particularly the case with ^vater 
vapour. "With the exception of the water vapour, the composition 
of the atmosphere is, however, remarkably constant for a common 
mixture,” which it undoubtedly is. 

ELEMENTS AND COMPOUNDS, — The materials dealt with^in 
chemistry belong to one or the other of these classes. Some of the 
constituents of the air, just mentioned, are considered to be of a 
peculiar simple nature, which is expressed by the term element.” 

Generally this term is applied to a substance — which may be a 
gas, liquid or sqjid — that suffers no permanent change in weight or 
other properties when submitted to ,the most severe physical treat- 
ment. 

A feeble idea of this may be obtained from some experiments 
with sulpiiur (Fig. 1). Place a small quantity of sulphur in a flask* 
or dry glass tube. ^ Heat gently over a flame until it melts to a yellow 
limpi<^ liquid. Stir with a thermometer until it begins to set (this 
should be about 115° 0.). Now melt up again, without the thermo- 
• ufeter ; incline the tube or flask, and heat as strongly as possible until 
the sulphur boils and dark vapours pass over into the other tube, (The 
boiling temperature here is too high for an ordinary thermometer.) 

A yellow deposit or a liquid may condense in the tube, and some 
of the vapour may ca^ch fire and burn at the mouth of. the boiling 
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tube or little flask. Collect some of the substance that has distilled 
over. Melt it gently, and stir with the thermometer as before. It 
will be found to behave precisely the same as before distilling. 
This test is by nt) means a severe one. It is not diificujLt to send 
powerful electric sparks through this vapour of sulphur whilst it is 
distilling, and the condensed sulphur will still be found to be un- 
changed in its properties. Sulphur can also be dissolved in a^liquid, 
as oil of turpentine (‘Hurps”), and obtained therefrom again^ of the 
same melting-point, by letting the “ turps evaporate away. 

The melting temperature, or “ melting-point,” is one of thS most 
characteristic physical properties of a 
substance, and is frequently employed 
for identification or for proof of purity 
(see later). 

Many substances of the class “ com- 
pound ” will also withstand the tem- 
perature necessary to melt, boil, cr 
vaporise them, and some are known 
which resist the electric arc temperature 
or electric sparks passing through them. 

So that this alone is not a suificient 
criterion of an element. Several con- 
ditions have to be satisfied before a sub- 
stance can be with any certainty classed 
as elementary,” but the Mea is that 
nothing dififering from itself, as it stands, can be extracted from it — 
or, in other words, it cannot be decomposed. 

Compounds ” consist of two or more ‘‘elements” — not simply 
mixed anyhow, but united in such a peculiar manner that really a 
new material is formed. 

As a practical example, make an intimate mixture of iron filings 
and powdered sulphur. Evidently the two may be mixed in any 
Illative amounts. The colour of the mixture may be anything from 
yellowish to nearly black. If the mixture be “ jcjggled ” in a glass 
the iron filings will partly separate to the bottom. If puifinto water 
the filings will completely settle, and most of the sulphur will refuse 
bo be whetted and will swim. A magnet stirred into the powder will 
attract and separate the iron. It is also possible to dissolve the sulphur 
and not the iron, or the iron and not the sulphur. Bub now place 
some of this mixture in a hard glass tube or a crucible, and heat 
strongly 4Dver a flame, watching the operation. The sulphur fir^t will 
give off a little fume or smoke, and some will deposit on the to^ of 
the tube; it will melt, and then boil ; and finally the iron will reach 
a certain temperature and begin to combine with the sulphur. It 
may even glow and hecome much hotter inside the tube or'crucible 
}han the flame can possibly make it from the outside. This is heat 
Df chemical combination. The product may melt at the moment of 
brmation owing to the development of this heat. 

Some other metals, as copper, silver, tin, meicury, lead, show 
ihese effects quite as easily as iron with sulphur. 
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Now when this “fhemical action” really takes place ^ it will 
be noticed that either some sulphur is driven off |rom the mixture 
and setides on the upper cool part o£ the tube, or that some iron 
filings ar^ left. Generally the former will be the <mse. 

On cooling, a product will be obtained which diffj^rs utterly in its 
appearance and properties from the metal or sulphur. The means 
of separation before mentioned, when it was a mixture, no longer 
apply. . It can be dissolved, but now only as a whole, not as a metal 
and sulphur. 

AIj will be seen, there is something of the nature of the abso- 
lutely definite ” in the character both of an element and a compound. 
The elements are possibly able to exist as such through any range 
of temperature. Many of the compounds we know and deal with 
practically exist only as such within a definite, and in some cases not 
very great, range of temperature. Within this range, however, a 
compound is an individual with as sharply marked and unchangeable 
properties as an element. 

CHEMICAL ACTION* — Probably the primary condition for a 
chemical action to take place is real contact between the particles of 
the substances concerned. This contact is most easily and rapidly 
brought about between gases and least so with solids. Of the 
mechanism of a chemical action really very little is known. Elements 
join together, and apparently elements can attack compoulids ; ^ and ^ 
one compound may attack another, t involving a redistribution of 
the elements of which each is composed. 

The most important fact about a compound is that it may be 
formed by the combination of two or more elements in some way or 
other, but however any particular compound may be formed there is 
always the same amount by weight of each particular element con- 
tained therein, and no modification of the process of formation will 
alter the relative proportions of these constituents. 

Chemical actions follow definite lines, and there is generally 
selective action, as, for instance, when a can unite with h or c, but 
not with equal enei'gy. Then a compound ah may be formed, and 
c coftie into play only when the quantity of h falls short of that 
requisite to make a compound. 

In most cases of chemical union some energy, generally in the 
form of heat, is d^pveloped. It is a constant quantity. Where the 
tendency to unite is great the heat produced is generally more than 
where the tendency to union is less. 

There are cases where no heat or energy of any kind il evolved 
at the timCof formation of the compound. 

* Place a very small quantity of corrosive sublimate (mercuric chloride) on 
a piece clean copper, and moisten with a drop of water. On stirring with a 
match or quill it will be seen that the copper has become silvered on the 
^urjace and at the same time a greenish coloured substance formed. 

t Place a very small piece of corrosive sublimate and a similar sized piece 
of potassium iodide in contact, or make a solution of each separately in a 
small volume of water and mix the solutions. The original compounds are 
white crystals ; after redistribution the mass is coloured pink, because the' 
mercury has changed over |rom the chlorine to the iodine. • 
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^ In many of these cases the act of chemical union has to be 
assisted by the expenditure of energy in some form — heat or electric 
current or by the use of indirect or roundabout processes, in each of 
which there is soitoe consumption of energy. 

These two .plasses of compounds are usually distinguished as 
exotfiei'mic (those in the formation of which energy as heat is 
produced) and ef^clothermic (those compounds requiring an expen- 
diture of energy in the shape of help from outside — e.p., heading to 
some temperature the whole time the combination is taking place). 
They are purely relative terms, and mean that the members of one 
class have more^ potential energy at disposal than the others. 
The difference is most usually shown by the ease with which 
endothermic compounds can, as a rule, be made to perfoi^m some 
chemical action, or in many cases even decompose, ’when subjected 
to mechanical treatment like friction or percussion. Most, if not 
all, explosives belong to the endothermic class. Compoands of 
the exothermic class require the expenditure of energy to decompose 
them. 

Chemical actions sometimes commence but slowly, or the mate- 
rials may need to be heated to some essential starting temperature, 
and it may take some time before an action is completed. But in 
any case there is no such thing as nearly an action either does or 
^oes not take 'place. It often happens, how^ever, that after one action 
has commenced and reached a certain stage a second one starts, and 
the two appear to be goin^ on together. This in some cases 
assumes a seesaw form, the primary product existing only for a short 
time, or a small amount only being formed as a ‘‘stage ” of the reaction. 


INTRODUCTION TO PRACTICAL CHEMISTRY. 

Appparatus required. 

The first essential is a reliable and reasonably sensitive balance, 
with a set of weights. A very simple balance will serve at first. 
The weights used are almost always metrical.* 

Weights are usually supplied in boxes, and are arranged from 50 
grms., thus: 50, 20, 10, 10, 5, 2, 1, 1, 1, and *5, -2, T, T, *05, *02, 
•01, *01, with some smaller which are seldom used, If the balance 
be wide enough the weights are most conveniently arranged on a 
piece of tile or white paper inside the case. They are then more 
easily accessible. 

There should be also a rider, a small bent wire of weight *01 grm., 
to be used on the beam itself. The beam is often graduated in 

In the metrical system the metre is the practical unit of length. It is 
livided into tenths, hundredths, and thousandths. A cube of water the ten,th 
Df a metre long on each side and at a temperature of 4° 0. constitutes the 
fv-eight called a kilogram and the volume called a litre. The of a jjilo- 

jram is the gram, and the of a litre is the cubic centimetre. This 
veight and this volume are so much used that they are commonly designated 
jy the abbreviations grm. and c.c. 
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tenths and hundredths its length, starting from the centre, to each 
end. The rider, when on the centre point of the l;^eam, has no efiect 
on either pan. When on the end mark it has the effect of '01 grm. 
placed in^-the pan. At any intermediate position ^t will have some 
effect equivalent to the third or fourth decimal placQ^ 

W^en commencing to weigh, place first the substance on one 
pan ; then commence by putting on the opposite ‘"pan the largest 
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weight of the set. Slowly turn the handle, which generally relieves 
tl^ bala33tpe-beam from its supports, and watch the direction 
motion of the indicating needle on the scale in front. When it 
points in the direction of the pan on which are the weights, it indi- 
cates Ifhat more are required* Then add the next greater weight, 
hanging the balance to I’est between each addition by turning up 
the beam supports. This must never be omitted. Never jump 
or guess at the weight, but always proceed in order from the 
greatest. As the correct weight is approached the balance will 
begin to swing slower^ Do not wait until the beam comes to rest, 
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but proceed by the addition or taking away of weights until the 
neisdle -swings nearly an even distance on asach side of the centre 
mark of the scafe. Let it swing three or four times. It will 
probably on first J;urning the beam loose swing to 6 on one side, and 
return past the centre to 8 or 10. If the beam is provided with a 
rider, now is thfe time to use it. Say the needle swings to 6 left, 
and recovers to 8 or 10 right, then more weight 
is wanted on the right side of beam. Place the 
rider on, this time beginning at the middle of 
beam, or the mark 5, and, again swinging, move 
the rider to less or moi*e than 5, as the needle 
indicates. When it swings nearly evenly, turn 
up the beam to rest, and then carefully again 
liberate. It should be set swinging five or six 
degrees, and allowed to swing several times 
before arresting. If equilibiium has been ob- 
tained the swing will diminish i^egularly on each 
side of the centre. Bring to rest, and read ofi* 
the values of the weights from the empty spaces, 
either in the weight-box or on the paper referred 
to as holding them in the balance-case. Pick the 
weights from the pan, and replace them in order, 
seeing at the same time that they tally with the 
•weight i^ecorded. It is advisable sometimes to 
reverse the positions of weights and substance. 

If the balance is in fair order the result should 
be practically the same. 

One side or pan of the balance must be kept 
for the substance and the weights respectively. 

Nothing whatever must be placed on the naked pan, but always on 
a glass or porcelain or other vessel. This containing vessel must 
be, of course, itself weighed, either before or after, and its weight 
(^ducted from that of the substance. 

Balances must be kept in one place and level on a steady bench. 
Nothing whatevei* should be put inside the balance case but the 
thing to be weighed and the weights. When weighing anythin g a 
book should be taken to the balance and the weighings entered at 
once. 

A few measuring vessels, fiasks, or cylinders and a burette are 
most useful. The graduated flasks should be' 1 litre, J litre, 
250 C.C., and 100 c.c. The measuring cylinder should be 500 c.c., 
graduated into 1 c.c. 

Burettes are generally made to hold a little more tkan 50 ^.c., 
and there are 50 c.c. graduations, and each c.c. again into fifths or 
tenths. It is more convenient to have 55 or 60 c.c. divisions and 
each into fifths. 

The burette and the gram weights should work together. .Thrs 
50 c.c. of ' distilled water at 15° 0. measured from the burette should 
be very close indeed to 50 grms. weight. Usually burette are 
graduated with water at 15°"16° 0. 



Yia. 3. Fia. 4. 
Pipefcte. Burette. 



8 A COURSE OF PRACTICAL CHEMISTRY. 

Weighing sljould be practised first of all on the weights, the 
oO grna. piece being tested against the collective small weights, tlxen 
the 20 grm. against smaller pieces, and so on. ♦ 

A small fiask should then be weighed either by weights or 
counterpoised by shot, &c., 50 c.c. of distilled water introduced, and 
then weighed. This should also be done with 20^c.c. and 10 c.c. 
The result will not be exactly 50, 20, and 10 grms.^ but should not 
differ very widely thei^efrom. The weight of 1 c.c. water at 1 5° 0. 



Fig, ^.—Measuring Flask. Fi(f. 6. — Measuring Ojlinder. 

is not the same as that of 1 c.c, at 4 ° 0 ., water expanding when 
warmed above the temperature of 4° 0 . 

METALS AND NON-METALS. — In everyday life some substances 
of the element ’’ class are called “ metals,'^ whilst this term is with- 
held from others. ^ 

Quite a number of elements have some characters in common. For 
instance, copper, silver, gold, iron, nickel, aluminium, are solids which 
canjDe moulded or shaped by pressure, polished or burnished by 
friction. They are more or less ductile — that is, can be drawn out or 
extended into wire ; and they will withstand a considerable strain 
before breaking. ^They allow heat and electricity to flow along them 
with more or less ease. Some are very elastic and sonorous when 
struck. They do not dissolve as such, or unchanged, in any liquid. 

A number of other substances, also elements, show few •if any of 
the^^e propiTties, or only to a very slight extent. They are termed 
“ non-metahP Some are gases, one is liquid at ordinary tempera- 
tures ; and of the solids several are soluble — as sulphur and phos- 
phorus, iodine, (fee. — in liquids, and may he crystallised without 
chemical action or change from these solutions. 

The line of demarcation is, however, not a sharp one. Some 
elem^?nts show the metallic property in an eminent degree, as gold, 
others nothing of it, as some gaseous elements, and others, again, are 
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somewhat intermediate in character. In addition there are some 
decidediy chemical differences, as will appearlater. The terms metal 
and metallic and iTon-raetal are useful if understood in a broad sense. 

The practical employment to which a metal is applied depends 
partly on its physical and partly on its chemical properties. 

Iron (and s1?eel) heads the list in the matter of tensile strength 
and hardness, bj^it it is somewhat easily acted upon by a number of 
other substances, which restricts its use or necessitates the employ- 
ment of some protective. 

Lead is one of the softest of the metals, and its tensile strength is 
very slight. It can, however, be easily rolled or pressed into sheets or 
tubes, and is not very rapidly acted upon chemically by things in 
ordinary use. Most of the common metals fall between iron and 
lead in the matter of hardness and softness, tensile strength, &c., 
although not in the matter of chemical resistance. Some are more 
resistant than lead, and others less so than iron. 

Speaking broadly, metals show a greater tendency to unite with 
non-metals than with metals. Still, metals do unite, and these 
combinations are generally called alloys.’’ Sometimes the tendency 
to combine is slight, and then something like mixtures or solid 
solutions are obtainable. Some alloys seem to be of relatively simple 
composition, as brass, which may be considered as ZnOug, about 
67 per cent. Cu and S3 Zn (this is not the universal opinion) ; or 
•very complex, as steels undoubtedly are, consisting of a compound, 
as FegO, combined with a considerable number of atoms of iron, 
perhaps after the manner in which water of crystallisation is held by 
some salts (see later, water of crystallisation in salts, “ Iron,” &c.). 
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ON THE NATURE AND COMPOSITION OP 
ATMOSPHERIC AIK. 

As stated (aiUe, Introduction), the air consists of a mixture of ffaseous 
elements and compounds. The mixture has an exceedingly constant 
composition, owing mainly to the action of diffusion of gases. A litre 
(1000 c.c.) of dry air at 0° 0. weighs 1-2'J3 grm. 
Air may be dried by standing over or bubblino" 
through concentrated sulphuric acid, or by con- 
tact with solid calcium chloride, these substances 
removing water only. 

Dry air is appreciably heavier tha'h damp or" 
moist air, because lifter vapour is, bulh for bulk 
much lighter than air, and, when present in air' 
is not dissolved, but exists side by side with the' 
other gases, exerting part of the pres.sure of the 
whole. That is, supposing some ordinary air is 
pressure of 80 inches of mercury, and 
the water vapour can by some means be extracted 
from it, the pressure would be reduced. 

The volume of this water vapour in air »at 
any place can be ascertained by means of the 
apparatus shown in Fig. 7, 

The flask, which may be of about 1000 c.c. 
capacity, has a gauge arranged to the side tube, 
and through the cork a burette and another tube 
with tap. ’ 

. gfiuge should contain as 

Tfrr. V TO , liquid some weak sulphuric acid. The 

g^gcTn“reTte concentrateif sulphuric 

g.ugc an^urette. acid, and the small side tap is for adjusting the 

pressure at starting. 

air with the 

u* u ®‘“p|y leaving open for a short time. The cork with 

its^burette and air tap, is then introduced, the gauge made level b’y iust 
opting the tap and c osing again. Now a fovTdrops of sullSic 
acid are allowed to fall in. The liquid in the outer Luge tube will 
at first rise slightly, and then within a few minutes fallfthus indicating 
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that the pressure inside is less than the extarnal. Water vapour is 
being absorbed bjj, the strong acid. More acid is now let in to bring 
the gauge again level. After one or two additions the gauge will 
remain constant.* All the water vapour has been absorbed, and in 
its place a certain number of cubic centimetres of acid have been 
run in. The total capacity of the Rask must, of course, be 
known. • 

The number of cubic centimetres of acid run in to make the 
pressure the same as at commencement is evidently the volume of 
water vapour existing in the air and exerting part of the total air 
pressure. Supposing the Rask have 1000 c.c. capacity, and 14 c.c. of 
acid are run in before the gauge is level, it indicates that 14 c.c. of 
water vapour were present in the original air. 

The Rask should stand in a place of a steady temperature, and, 
beyond opening the taps, must not be touched by the hand during 
the operation, as all gases expand very much even when slightly 
heated. 

EXPANSION OF A GAS. — If a gas be heated from the tempera- 
ture of melting ice to 273° C. the volume will be doubled provided 
the pressure on it be kept constant. 

If a certain volume of a gas, enclosed in a vessel provided with 
, a pressure-gauge, be similarly heated from the melting-point tempe- 
rature of ice to 273° 0. the pressure of the enclosed gas in the vessel 
will be 30 inches (or 760 mni.) above the outside pressure. 

Supposing in this experiment the gas, instead of being heated, 
were cooled from the ice temperature (0° 0.) still further, the pressure- 
gauge will show a regularly diminishing pressure as the temperature 
falls, until at a temperature of 273° 0. below the temperature of 
melting ice the gauge would show a total absence of pressure. This 
effect would result with a perfect gas — that is, a substance that could 
exist only in the gaseous state. This low temperature has not been 
Obtained. Most, if not all, the known gases become liquefied, or even 
solidified, before this low temperature is reached. The known gases 
are therefore in this sense not quite perfect. 

The temperature of 273° 0. below the melting-point of ice is known 
as absolute zero. 

The ‘^particles,” or molecules, or atoms of a “perfect gas would, 
at this temperature, be at rest. The weight would be the same, but 
there would be no pressure on the sides of the containing vessel. 
It could, scarcely be a vacuum vessel, for a perfect gas could not 
liquefy nor solidify. Its particles would be in the vessel, Jbut 
standing still. The particles or molecules of all known gases are 
undoubtedly in a state of motion, moving very rapidly in all directions. 
It is the impact of these many particles or molecules on thd sides of 
the vessel that constitutes the pressure of the gas. When hestted 
the motion is accelerated, and the number of impacts per second 
increased; when cooled, the rate is lowered, and the number of 
blows per second falls. The pressure exerted by a gas in a closed 
vessel inc:^*eases regularly with rise and diminishes with fall in 
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temperature. At some^temperature, which is a constant for each 
gaseous substance, liquefaction takes place, and al^a lower tempera- 
ture solidification, and at some point a little below this there is 
.generally a most excellent vacuum in the Vessel, providing, 
of course, that it was filled with the parliicular gas only 
at the commencement of the experiment. The idea of 
“absolute” zero (-273° 0.), 0° 0. absf, is founded on 
what would probably be the behaviour of a perfect gas. 

Based on the foregoing is the statement that gases 
expand of their volume at 0° 0. for every degree 
they are heated above and contract for eveiy degree 
they are cooled below this temperature. 

DIFFUSION , — The property of diffusion is not confined 
to gaseous substances, but exhibited by them in an 
eminent degree. Some of the effects may be seen by the 
use of quite simple apparatus. 

Fig. 8. Two glass cylinders, or ordinary bottles with narrow 
necks, are each filled with a gas — say hydrogen or coal 
gas in one and carbon dioxide or sulphur dioxide in the other. Join 
them together by the cork and tube, so that the hydrogen (or coal 
gas) is above and the much heavier gas below. After standing for 
thirty or forty minutes they may be taken apart, and the, lower one ^ 
tried with a flame and the upper one inverted in a basin of weak 
sodium hydroxide soluti?)n or weak ammonia. The 
alkaline liquid will dissolve the carbon or sulphur 
dioxide, and the liquid will rise in the bottle, show- 
ing, roughly, how much of the heavier gas has 
diffused upwards into the lighter in the time. If 
the contents of the bottom cylinder inflame when a 
lighted taper is applied to the mouth of the cylinder, 
it proves a considerable diffusion of the lighter gas 
downwards. Another arrangement which show^ 
qualitatively, the i^ate of diffusion of hydrogen com- 
pared with air is to affix by a cork a small porous, 
or unglazed, earthenware cylinder (battery cylinder) 
at the end of a glass tube. The tube may be a 
metre or more long, and somewhat less than a 
ceiStimetre in diameter. The open end of the tube 
should be dipped under water, and a beaker inverted 
Fig. 9. over the cylinder (see Fig. 9). Hydrogen or* coal gas 
•» blown into the beaker, and collects therein, being 
lighter than air. It begins at once to diffuse through the porous 
cylinder, driving air before it, as will be seen by the bubbles escaping 
from th^ immersed end of tube. Some air diffuses back into the 
lighter gas, but the advantage in rate is with the latter, and *it acts 
against gravity. On removing the beaker of light gas after a few 
minutes water will be seen to rise in the tube somewhat rapidly and 
t’o a considerable height. After the light gas has entered the porous 
jar, and the beaker still contains the same gas, things assume a 
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steady condition — as much passes one way ^ the other through the 
walls of the porou^ jar. But when the outer beaker is removed light 
gas from the inside diffuses through into air quicker than air can 
diffuse back. Th^re is therefore less pressure inside the glass tube 
and porous jar than outside, and the water rises to a certain height 
to equalise this difference. 

The law as tt) diffusion is stated thus : Gases diffuse at rates 
inversely as the square roots of their relative densities. That is, 
for instance, hydrogen has only of the weight of oxygen for the 
same volume, and their relative rates of diffusion are as 1 to 4. 
This appears to hold good in all cases. 

With the apparatus shown in Fig. 10 the rate of interdiffusion of 
two gases may be observed. Place a little liquid in the gauges ; then 
blow, say, oxygen into one flask and hydrogen into the other. The 
liquid in the gauges will blow up to the bulb, and, after thoroughly 



filling the flasks and closing the taps, the liquid will again fall into the 
tube and seal the gas. A momentary opening of the taps will level the 
gauges, and then the tap on the joining tube can be opened, thus allow- 
ing the gases to come in contact through the porous clay tube. It 
wM be observed that the gauge on the hydrogen flask will slowly fall, 
whilst that on the oxygen will rise, indicating that more hydrogen 
is going through the porous tube into the oxygen than in the reverse 
direction. After some time both gauges will come to a common level. 
There will then be equal amounts of each gas in each flask, and as 
much is passing one way as the other. 

Diffusion is, then, only to be explained by assuming that the 
minute particles or molecules of gases are in rapid motion, their 
velocity depending on their mass or weight and the agitating cause 
.being heat-energy. Cooling a gas reduces the velocity of jpaotion^f 
the molecules, which accounts for diminution in pressure. 

By means of diffusion it is possible to separate one gas from 
another, provided there is a little difference in density,’’' For 
instance, if a mixture of hydrogen, oxygen, and nitrogen be con- 
ducted from one vessel to another by means of a length of, say, 20 
centimetres of tobacco pipe (unglazed earthenware) much hydrogen 
will be lost on the first passage, and on repeating this treatment it 
can be entirely removed. 
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Glass and a number, of substances known as colloids are quite non- 
porous. Although the ultimate particles of guises are extremely 
small, they are unable to penetrate glass even under great pressure. 
Unglazed earthenware, thin plates of some methls, and other sub- 
stances are porous — that is, full (-f minute tubes oripassages through 
which gases can easily pass or wander. If a mixture of two gases 
comes in contact with a wall of such porous material^the particles will, 
if of the same weight or specific gravity, be moving at the same rate, 
and will hit and penetrate these passages or tubes at the same rate. 
The part passing through the porous baxrier will have the same 
relative composition as at the beginning. But if one gas be lighter 
than the other its particles or molecules will be moving much quicker. 
It has therefore several chances to one over the heavier, depending 
on their relative densities, of getting through one of the fine tubes 
or pores. 

The mechanism of diffusion goes some way to explain the nature 
of the gaseous state. 
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RUSTING OR OXIDATION OF METALS. 

Most metals tarnisli or rust slowly in air at ordinary temperature. 
This rusting usually takes place more rapidly when the metal is 
heated somewhat strongly or melted. 

Rusting is generally due to some chemical action at the surface. 
Most often it is a case of absorption of oxygen. There is always a 
decided gain in weight when this is taking place. The process can 
proceed only to such an extent that a definite oxygen compound will 
have been formed. 

Weigh a small porcelain dish. Place in it some copper turnings 
♦and weigh* again — the amount of turnings may be between 1 and 2 
grms. Heat the dish over a l^unsen flame, so that air has free access 
to the turnings. The copper will become black on the surface, and if 
the heating be patiently continued the whole of the metal will be 
converted into a reddish black powder. On weighing the dish again 
after cooling the copper will be found to have increased by almost 
a fourth of its original weight. 

This experiment may be repeated with the metals tin, lead, 
and zinc. As all these melt under the conditions of heating, they 
become coated with a layer of dirty coloured material which protects 
the metal beneath. They should be stirred with a small glass rod, 
which is weighed along with the dish in the first instance, and, of 
course, left in the dish and weighed with it finally. A decided gain 
in weight in each case will be noticed. The products obtained should 
be saved for further experiments. They are oxides. 

The two metals magnesium and aluminium jnay be similarly 
expeiimented with, but require more care. 

Weigh a small porcelain crucible and lid. Take about 2*5 grms. 
magnesiuin filings, or 2*5 aluminium powder. Both these metals may 
be set on fire by a match flame. They will then glow very brjglffcly, 
and the magnesium may give ofif a litde fume or smoke. The mag- 
nesium will increase to about 4 grms. and the aluminium to ^^boiit 5 

With the metals mentioned the actions, when completed, can be 
expressed in chemical formula which represent definite amounts by" 
weight acting together. 


COMPOSITION OF AIB. — A rough idea of this may be obtained 
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copper turnings or fine^wire contained in a tube (see Fig. 11). The 
flasks should be as neailj as possible the same siz(S, or their capacity 
ascertained pretty accurately. One flask is full of air, the other of 
water. As the water flows slowly down the first syphon, air is 
driven over the metal contained in the heated tube, and displaces 
the w^ter in the end flask. The second flask will not contain quite 
the same volume of gas as the first contained water. 

Before measuring the water remaining in the second flask accu- 
rately, the cork with tubes should be rapidly replaced by another 
unbored cork, and at least two experiments made with the gas. First a 
lighted taper immersed for a moment ; it will be extinguished. Then a 
burning piece of magnesium ribbon may be introduced ; it will be seen 
to glow for a little time, but not actually burn with a flame. This gas 



is mainly nitrogen. Ordinary combustible substances, as a taper, 
wifi not burn In it ; but a few metals, magnesium and some others, 
will do so if strongly heated to begin with. 

Now the water in the flask may be measured in a graduated 
vessel and an idea of the volume of oxygen absorbed by the red-hot 
copper obtained? If the capacity up to the mark was 1000 c.c., 
about 200 c.c. of water should be left if the volume of air driven 
over was also 1000 c.c. It may be less, because the gas#is heated 
an4 expanded in passing over the red-hot copper. 

Nitrogen obtained from air by any method of absorbing the 
oxygen is never pure, but contains argon and other gases. 

Pure nitrogen may be obtained from several compounds. The 
-most common natural compounds commercially obtainable are potas- 
sium and sodium nitrates. One or other of these nitrates is the 
immediate source of many nitrogen compounds,^ 

*** Many plant and animal products, also coal and jet, contain small 
quantities of nitrogen in cembination. 
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Nitrates contain a metal, oxygen, aad nitrogen. They are 
samev^rhat complex substances. Potassium nitrate contains nearly, 
and sodium nitrate more than, 50 per cent, by weight of oxygen. 
When strongly heated both substances first melt and then begin to 
decompose, giving off gases, most of which is at first oxygen, and 
later a mixture of oxygen and nitrogen. If melted up with some 
metals the oxygen is retained as a solid compound and the nitrogen 
set free as gas. 

Iron, in filings, is very suitable for this purpose. A thorough 
mixture should be made of dry powdered potassium nitrate (nitre) 
and iron filings, in the proportion of one part by weight of the 
nitrate to at least three of the tilings. 

The mixture should be placed in a tube of hard glass, arranged 
as in Fig. 12, and heated at first at the top part. The mixture will 
begin to glow and gas escape from the tube, and the glow will 



slowly extend down the tube. Several tubes must be ready to be 
filled. The water should contain a little sodium hydroxide, because 
iron filings may contain some carbon, which gives rise to carbon 
dioxide. The first tube full of gas is usually rejected, as it will 
coil tain some air. 

^ The speed of the reaction can be modified by the* amount of iron 
filings employed. The more filings the slower the action, and mce 
versa. With too small an amount of iron filings the reaction becomes 
an unmanageable fireworks. 10 grms. of saltpetre and 30 of iron 
filings will give quite sutficient gas to experiment with. 

Other metals besides iron may be employed, but; in some cases 
the action is somewhat ungovernable, and some oxides of nitrogen 
may be mixed with the product. 

Larger 'quantities of nitrogen may be prepared by the%reacti«n 
between some compounds of ammonia and nitrites. 

Sodium njtrite and ammonium chloride give a good example of 
two compounds interacting. * 

Equal weights of these substances, say 10 grms. of each, are mixed 
with about 50 c.c. of water in a flask, with either side tube or cork 
=ind delivery tube. On gently warming, the reaction commences, ^d 
bhe nitrogen gas may be collected in any convenient manner, as in 
several tubes over water. 
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If a- gas-holder is available a larger quantity of the gas should 
be collected. A gas-holder may be extemporised from a washi»g 
flask, as shown in Fig. 13. • 

The flanks and tubes are filled with water. Th® gas generator is 
attached by a flexible tube to the upright flask. As the gas enters 
• 



this the water flows from, the inverted flask. The flexible tube on the 
upright flask must have a clip or stopper. If now water be driven 
into the inverted flask, the gas can be expelled at any desired rate 
from the upright flask and collected in test-tubes for experiment. 



Experiments with the Tubes of Nitrogen Gas. 

I. '^Test one tube with strips of blue and red litmus paper or 
'^^ith a water solution of litmus. They should not change. 

II. A lighted taper is extinguished. 

^ III. A glass rod dipped in lime or baryta water and held in the 
gas should not become white or milky. 

IV. Make a fair amount ot nitrogen gas and collect in some form ' 
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of gas-holder. A sufficient quantity may be obtained by mixing about 
KJ grms. of ammonium chloride (sal anfmoniac) with the same 
weight of sodium^nitrite, and warming with a little water in a flask 
with cork and i(Jelivery tube. Arrange a tube contaii^ing a few 
grams of magnesium filings as in Fig. 14. Drive the nitrogen slowly 
through a sulphuric acid drying tube, and then the magnesium 
tube to expel ail air. Then close the tap and heat the magnesium. 
The nitrogen will be gradually absorbed by the metal a^d the 
mercury rise from the cup up the tube. The nitrogen may be again 
tuimed on and the operation repeated several times. A nitride of 
magnesium is formed. It is a red-coloured substance when hob and 
yellow on cooling. It should be saved for further experiments. On 
contact with w’ater, magnesium nitride produces ammonia and mag- 
nesium oxide. A very small quantity of this nitride is produced 



when magnesium ribbon is burnt in air. The main product then, 
however, is magnesium oxide. 

^ If the nitrogen from air be treated with magnesium somewhat 
on this line, but a little more elaborately, the inert gases, argon, 
&c., may be obtained as a residue not absorbed by the metal. 

OXYGEN . — It is possible to separate oxygen from air, but not very 
easily, as most substances combine with the oxygen. 

Most metallic oxides, when heated to a certain temperature, 
absorb a further quantity of oxygen, to a definite extent, producing 
another oxide. At higher temperatures this new oxide will again 
decoinpose^into oxygen and the original oxide. By variations of tern- 
►perature, therefore, it is possible to have a seesaw action— aiisorptiSn 
at one stage and resolution at another.* 

Red oxide .of mercury may be heated in a tube something like 
Fig. 15. Mercury will be observed to condense on parts of the tube, 
and a gas will collect over the water. * 

* This has been utilised for technical purposes— the production of oxygen 
on a large scale— barium oxide being the substance generally employed! It 
is" somewhat diffionlt on a gmall scale, and other methods should be first tried. 
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The tube should be of hard glass, as the temperature required 
will melt an ordinary test-tube. 1 grm. of the red oxide is suf- 
ficient for one experiment. ^ 

Test>tul)es will generally do for collecting gases^in these experi- 
ments. The tube should be about two-thirds filled with the gas, 
and then turned up, with the finger closing the tifoe, or a cork, 
previously prepared to fit, put in before taking from the water vessel. 
Care m^xst be taken that on ceasing to heat, or on cooling, the water 
does not enter the hot tube. 

The easiest and most commonly employed method of obtaining 
oxygen on a small scale is to heat a mixture of the substances 
potassium chlorate and manganese dioxide. It scarcely matters in 
what proportion the two are mixed. Each should be in powder. 
10 grms. of the chlorate and 5 grms. of the manganese oxide is 
sufficient at one time. The manganese dioxide will be found 
practically unchanged after the operation, and maybe obtained again 
by washing the residue. Other proportions of the ingredients may 
be tided. The chlorate, when heated alone, melts and gives off oxygen, 
but requires a higher temperature than the mixture, and the gas is 
liable to come ojff very rapidly ; and, worse still, the leading tubes 
are liable to choke with particles of the chlorate, which may cause a 
dangerous explosion. 

Manganese dioxide, alone, when heated to full redness, gives off 
oxygen. 

Lead dioxide — the active substanoe of storage cells — gives off 
oxygen when quite gently heated. The tube arrangement in Fig. 15 
can be used for this. Two or three grams of lead dioxide is a con- 
venient amount. 

Solid potassium permanganate may also be used in the same 
apparatus, but is very liable to stop up the leading tube by spirting. 

All the methods above mentioned of obtaining oxygen are dry 
reactions. A considerable number of methods are known in which 
solutions of substances in water are employed, A very interesting 
one depends on a seesaw action between oxide of cobalt and bleaching 
powder. 

To a mixture of bleaching powder and water a very small quan- 
tity of any cobalt compound — the nitrate or chloride — is added, and 
a black oxide of cobalt is produced, which undergoes decomposition 
and is again formed, and so on, with the result that a steady output 
of oxygen gas is obtained. The mixture froths up somewhat, so 
the operation should be performed in a moderate sized flask. The 
addition of a little thick paraffin oil diminishes the frotMng, hut is 
required only when the operation is on a somewhat larger scaleA 
A small flask maybe substituted for the test-tube in Fig. 15 for the 
cobalff oxide experiment. 

^ Eicpeniments. 

^1. Introduce into one tube of the gas a small piece of charcoal held 
in a wire. The charcoal should be just started glowing at a point. 
It will commence to burn very brightly. Or a splinter of wood on 
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whicli is a glowing spai’k — not a flame — naay be used instead of the 
dbarcbal. ^ 

II. Goii up a very thin iron wire, such as flower wire, into a spiral 
t%vo or three indies long. Dip one end in a little wax ^r paraffin. 
Start this bui-^ing, and introduce into a tube of oxygen. The iron will 
commence to burn brightly, and drops of oxide of iron may form. 

III. Test one tube of gas with moist blue and red litmus paper 
and also iodised starch«paper. None of them will be afiected if the 
gas be pure. 

Quite a number of compounds absorb oxygen without the appear- 
ance of burning. This absorption happens, of course, with air as well 
as with pure oxygen. This may be shown by having a test-tube with 
well -fitting cork and tube as in Fig. 16. Fill the tube with oxygen. 
Introduce rapidly two or three cubic centimetres of a strong solution 
of pyrogallol made alkaline with sodium or potassium hydroxide. 


Fig. 16. 




Fig. 17. 


Close quickly with the cork and tube ; dip the open end of the 
tusfoe in water. On shaking the test-tiibe the oxygen will be ab- 
sorbed, and the water will rise and overflow into the test-tube. 

Other liquids, as an aqueous solution of ferrous oxalate, aiucl 
especially a solution of cuprous chloride in ammonia, may be tried 
in the same way. 

A rough analysis of air can be made by means of a bent tube and 
one of these oxygen-absorbing liquids (see Fig. 17). Commencing with 
the tube dry and full of air, put in sufficient water to just enclose the 
air in the ^imb c and be the same height in both limbs. 

, If the tube is not graduated, mark the level of the water by 
attaching a strip of label. Then pour into a a strong solution of 
pyrogallol and sodium hydroxide. Put a few drops of oil on the top 
of liquid in a. Allow the tube to stand, with now and then a gentle 
shake, for some time, until the volume of air in c no furthur dimi- * 
nishes. Then withdraw, by means of a tube, some of the liquid from 
a until the liquid is the same level in each limb. The gas will tlTen 
be under atmospheric pressure. Mark the level or read oft' the 
graduation. The volume absorbed should be^ about a fifth of the 
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original. The tube may*e left for a day or two, provided a la^er of 
oil is on the surface in a. Ordinary petroleum or,, lamp oil will do 
for this purpose. 

OZONE.— This substance is a modification of oxygen paused by some 
internal rearrangement in the substance. It is generally called an 
allotropic form of oxygen, and may be produced in several ways from 
oxygen r 

The simplest method of production is by the passage of quiet 
electric dischai^ges through oxygen or air. 

A simple apparatus consists of a glass tube, about 25 or 30 cen- 
timetres long and 1 centimetre, or less, in diameter, through which a 
platinum wire is passed, either straight or spirally, and a little copper 
v/ire wound around the outside. The inner platinum and the outer 
copper are respectively connected to the two terminals of a small 
induction-coil. On sending a feeble cuiTent through the coil there 
will be a silent discharge between the inner and the outer wire 
through the glass and the air space. 

If air or oxygen be blown through the tube some of the oxygen 
becomes converted into ozone, which can be recognised by: (1) Its 
odour ; (2) if blown on some iodised starch-paper a blue colour will be 
produced ; (3) if blown on to a little very clean mercury the metal 
will tarnish and cease to run so easily; (4) blown on a piece of clean ^ 
.silver foil it will produce a dark brown stain. 

These actions are all cases of direcf oxidation, produced, as sup- 
posed, by the ozone reverting into ordinary oxygen and at the same 
time imparting oxygen to the substances mentioned. 

This modification is much more active as an oxidising agent 
than ordinary oxygen, most metals and many other substances being 
oxidised simply on contact with it at ordinary temperatures. Ozone 
is doubtless produced in many other ways: by the electrolysis of 
dilute sulphuric acid — when a small blowpipe flame is supplied with 
excess of air — a;ad when some substances are undergoing a slow^br 
partial oxidation. For instance, phosphorus in moist air slowly 
oxidises at the ordinary temperature ; an odour like ozone is imparted 
to the surrounding air and iodised starch-paper and other reagents 
are affected in the same way as by the ozone from the electrified tube. 



CHAPTER III 


THE COMPOSITION OF WATER AND PREPARATION 
OF HYDROGEN. 

A itumber of metals become rusted on contact with water — some at 
the ordinary temperature, others in contact with steam or at higher 
temperatures. 

Several pieces of clean metals should be placed in a tube and sub- 
jected to a current of steam for a few minutes, and the surfaces 
of the metals examined. Scrape with a knife or clean with sand- 
paper strips of aluminium, zinc, copper, iron, magnesium, lead, tin, 
(fee. ; place in a wide tube and drive steam over from a flask. 

' This may be done with the metals separately or 
together. It is better, howei^er, that they do not touch, 
so that no electric couple is formed. 

It will be found that of the metals mentioned the 
magnesium will tarnish first and to the greatest extent, 
followed by zinc, lead, iron, aluminium, about in this 
order, and that copper and tin will show no signs of 
change. 

The water should be boiled for at least ten minutes 
a^jd the steam allowed to escape before the metals are 
introduced into the tube, to avoid the effects of ak and 
carbon dioxide, which are always contained in solution in ordinary 
waters. 

This tarnishing in steam is due mainly to the same cause or 
causes as tarnishing on heating in air — that is, oxidation. 

Boil some water in a flask, and when steam k escaping freely 
introduce a little bundle of burning magnesium ribbon. It will 
continue to burn in the steam, and even on the surface of the boiling 
water, and a very pale flame will be seen at the mouth of the 
flask (see Fig. 18). ^ ^ • 

A white powder will be formed in the water, and may be separated 
therefrom by filtering. This powder is magnesium oxide, «,nd, if 
examined, will be found to behave exactly like the white powder ^ 
obtained by burning this metal in air or oxygen. 

The following experiment will be insti'uctive as to the acticq:i of 
some common metals on steam at a moderately high temperature 
(see Fig* 19). 



FIG. 18. 
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A Jitfcle of the metal, in filings or small pieces, is placed in the 
tube C (a coil of galvanised or zinc-coated iron wire will be found 
to work excelien%). Water is boiled briskly in th^ flask A, and the 
steam allowed to expel all the air from the tube b^ore placing the 
tube D over the end of 0. The tube and metal must then be heated, 
carefully at first and finally strongly. The steam will cbndense in the 
water aiicl carry some uncondensable gas with it. This will collect in 
the tub^ D. Zinc and iron will be found to be most active, and 
copper will not be acted upon in the least, even if red hot. The 
tube 0 is liable to crack if drops of water condense in it. The steam 
can be stopped almost at once by raising the safety tube B. 

Examine the gas collected over the, now warm, water, by closing 
the open end under water with the finger or a cork, as before men- 



tioned, bringing upright quickly, and applying a lighted taper. The 
gas should ignite with a slight puft* and an almost invisible flame. 
This gas is hydrogen. It can be obtained from water by several oth^r 
methods, but most, if not all, are indirect ones. Powerful electnc 
sparks, when passed through steam, decompose it into two gases, 
hydrogen and oxygen, -which may be collected together. This ex- 
periment is not a simple one. It requires a large induction-coil to 
produce a stream of sufficiently powerful sparks, and an arrange- 
ment somethings like Fig. 20, which consists of a steam*producing 
flask, a flask with side tubes to allow the entrance of platinum wii*es 
through corks, an outlet for the steam and gases, and a safety outlet 
with tap. Steam is first driven through the flask until the bubbles 
ar^" completely condensed by the water in the dish. Then contact 
is made with coil, and sparks pass aci’oss the current of steam. 
Some is decomposed and the products carried forward into the tube. 

^ This tube may afterwards be inverted and a flame applied to the 
collected gas, which will now explode with a sharp report. 

gas can, by difltusion experiments, be proved to bo a mixture 
of oxygen and hydrogen. 

It is perhaps impossible to decompose pure water by an electric 
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cuiTent, but when the water contains an §eid or some of the com- 
pounds called salts” in solution it may be decomposed and one or 
both gases obtaftied. This action is generally spoken of as the 
electrolysis of waiter. * If the current from two or three cells — say 
storage cells — is led by means of two platinum wires or strips into 
water containing a little sulphuric acid the wires or strips will^become 
covered with small gas bubbles (see Fig. 21). If tubes full of water be 
inverted over the wires or terminals ” the gases will rise arfd collect 
in them. After sufficient has collected the gases may be examined 
by applying a lighted taper to each in succession. The contents of 
one tube will inflame, and the other will cause the taper to burn more 
vigorously. The latter is oxygen, and on examination will be found 




to have collected at the terminal from the positive or red-marked 
ejjd of the storage cell. It will be noticed that the volumes of the 
gases are not the same. The volume of the hydrogen will be nearly 
twice as great as that of the oxygen. . 

To get this result it is necessary to use platinum or some metal 
that does not easily oxidise or combine with oxygen. If, for in- 
stance, the current is led into the acid water by two plates of lead 
there will be very little gas escape from one plaTe, but the plate 
will become brown coloured owing to the formation of a lead oxide. 
The other plate will have hydrogen bubbles given off at its surface, 
Just like one of the platinum plates. Gold and silver behave ^ke 
* platinum, and most of the common metals somewhat like lead. 

An accurate knowledge of the composition of water is of the 
greatest importance in chemistry. Water, in fact, may be co&idered 
in several respects as a standard substance. On its composition *by 
weight and volume, and therefore to some extent its constitution, 

* The nature of the substance dissolved in the water has a consid^able 
deciding effect, ammonia, for instance, nob acting in the same manner as 
sulphuric acid. 





26 A COURSE OF PRACTICAL CHEMISTRY. 

the formulae or compositiqu, from a purely chemical point of view, 
of all other compounds are based and expressed. Electrolysis yields^, 
as stated, almost exactly two volumes of hydrogen to one of oxygen. 
From reliable expeidments, oxygen is sixteen timeiS heavier than 
the same volume of hydrogen, when they are both under the same 
physical conditions. When the two gases, in the purest possible 
condition, are mixed together and induced, by heat or an electric 
spark, to combine, they do so exactly in the proportion of two 
volumes of hydrogen to one of oxygen, and if the gases in the 
mixture were not in this precise proportion the excess of one or the 
other would be left untouched. 

Supposing two volumes of hydrogen and one of oxygen to be 
confined in a suitable vessel at a temperature at which water is 
steam or gaseous — that is, some temperature above 100° 0. (it is 
quite indifferent how much above this point, within reasonable 
limits) — ^nd the mixture exploded. The product will then be steam, 
and its volume is exactly two-thirds of the original volume of the 
gases — that is to say, two volumes of hydrogen combine with 
one volume of oxygen to produce two volumes of steam at the same 
temperature. A contraction is therefore noticed. 

Thus the steam, obviously a compound, is the same in volume as 
the original hydrogen. 

There is a great change of volume from water into steam, one 
volume of water giving 1680 volumes of steam (or one c’ubic inch • 
giving very nearly one cubic foot of steam at the same temperature). 

Stated another way, 1 grm. of hydrogen and 16 grms. of oxy- 
gen each occupy the same volume — viz., 11,200 c.c. — at 0° C. and 
760 mm. bar. Therefore, if we could obtain steam at 0° C., in 
18 grms. of it 16 would be oxygen and 2 hydrogen, originally 
occupying 33,600 c.c., but now of the volume 22,400 c.c. 

The figures 2 and 16 represent the ordinary combining pro- 
portions of hydrogen and oxygen respectively. 

The chemical formula Hp is intended to indicate that the suW 
stances hydrogen and oxygen are contained in proportion by volume 
of two to one, and by weight of two to sixteen, and that this is 
the smallest possible expression for the entity steam when some- 
thing of the idea of atoms is taken into account.^ 

OiAe?* Sources ^of Hydrogen , — Besides water, quite a number of 
substances contain hydrogen. Some of thes^ give up the whole or 
part of the hydrogen in contact with certain metals. 

* The atom, from the chemical point of view, is an exceedingly small 
piece^ of rr^tter ; it is the smallest piece that can enter into any kind of 
chemical engagement. It is not identical with the electrical notion of ions. 

The chemical atoms of different materials are supposed to be of the same 
size or volume, but differ in weight. As to shape nothing can be said, 

Taking masses that are measurable of hydrogen and oxygen, their weights 
peCfiequal volumes are as 1 to 16. Presumably the atoms making up any mass 
or volume, as 100 c.c., are also as 1 to 16, These values may be called their 
relative atomic weights. 

The idea of atom and atomic weight involves some unit. This matter is 
not quite simple. Hydrogen is certainly the lightest substance known. Com- 
pared with it, oxygen is quite sixteen and nitrogen fourteen times as heavy, 
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Of these, generally speaking, “acidg^^ are the most active. 
Many acids are formed by the union of some oxides with water. 
For instance, sulphuric, phosphoric, and nitric acids result from oxides 
having combine?d with some water. Other acids, as hydi’ochloric, &c., 
are simpler ip their nature, consisting of hydi’ogen and one other 
element. These often dissolve in water, giving solutions whicji possess 
many properties similar to those of the former class. 

A considerable number of metallic oxides are able to^^combine 
with water to form “ hydrates ” or hydroxides.” Some of these 
hydroxides can be attacked by certain metals, in which case hydrogen 
is always expelled. 

Most metallic oxides have also the property of being able to combine 
with acids to form a class of substances called salts. It is a very 
numerous family or class. Acids, when dissolved in water, exhibit the 

bulk for bulk. Presumably the atoms, or ultimate particles, as they a^so have 
been called, retain this weight relationship. 

The atomic weight can be directly determined in but a few cases, by 
comparison with hydrogen. 

ft 18 a fundamental Tiiatter in chemical actions and undouUcdly alvcays 

true that when substances join to form a compoiind or amj chtmical changes of any 
Mnd talcejglace the quantities of matters invoiced in the changes are in the ptropor- 
tions of these atomic weights or some simple multiple of than. In the case of 
water the conventional symbol expresses that two atoms of hydrogen are 
linked in gome way with one atom of oxygen. The one atom or piece of 
oxygen by volume may therefore be considered as in some way equivalent to 
two pieces of hydrogen. By w^ght, sixteen of oxygen are equivalent to two 
of hydrogen ; consequently one atom of oxygen is “ equivalent ” to two of 
hydrogen, and 16 : 2 are their respective combining or equivalent weights. 

Comparatively few substances combine with hydrogen, but oxygen and 
chlorine and one or two other of the elementary substances have a considerable 
range of activity. They will join not only with hydrogen, but with nearly all 
the other elements with more or less ease. 

Por instance, copper and hydrogen do not, properly speaking, combine, 
but copper and oxygen do so most easily. 

The compound produced when a certain quantity of copper has taken up 

much oxygen as it can consists of 63 parts by weight of the metal and 1 6 
of oxygen. Therefore in the 79 parts of oxide of copper tlie 63 of metal must 
in some way be doing the same extent of work as the 2 parts of hydrogen in IS 
parts of water. It cannot, of course, be doing quite the same hind of \^ork, 
and there are very diiferent amounts of energy produced or involved in the 
formation of the respective compounds, but it is evidently, as far as quantity 
is concerned, equivalent. 

Now this “equivalence” is evidently able to change.* If this particular 
oxide of copper, containing 63 parts of metal to 16 of oxygen, be heated to a 
certain temperature (and by some other means) it will be changed in colour, 
texture, ai^d composition. Exactly half the quantity of oxygen will be left 
in it, or double the quantity of copper. They are now as 63 to 8 126 t<ji 16. 

Either way the equivalence of the copper has altered, so that 63 is now 
equivalent to 1 of hydrogen. 

The compounds here alluded to are expressed as CuO aaad CiigO 

63 + 16 12G + 16 

respectively. . ^ 

Another compound of hydrogen and oxygen is known in which the relative 
equivalence of hydrogen and oxygen is as 1 to 16. This is the peroxide of 
hydrogen, HaO^. In a number of cases where equivalence thus changes one 
compound will be of a much more stable and resistant nature than the other. 
The substances just named are good examples of tjiis. 
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property of changing ma 4 y vegetable and other colours. Thus blue 
litmus is turned red by acids. ^ * 

Salts, as a rule, have little or no action on vegetable colouring- 
matters. As all salts are in part made up of acids, and as the power 
of changing colours has vanished in the salt, it follows that the other 
portions^ of the salt must have the power of overcoming or destroying 
this property of acids. Only a few metallic oxides are capable of 
dissolvii?g in water to any considerable extent, but if a solution of 
any oxide in water oxides of sodium or calcium) is tested with 
a vegetable colouring-matter the solution will be found to have the 
power of altering the colour in the reverse direction to that of the 
acid. 

A substance whose solution has the power of changing colouring- 
matters in the reverse way to that of an acid is called an ‘‘ alkali, and 
we can now see why most salts, being made up of sub- 
stances of opposite properties, have no action on vegetable 
colours, or, in chemical language, are neutral. The 
alkaline character of many metallic oxides cannot be 
shown, as no aqueous solution can be obtained, but the 
property is latent, as they show the same property of 
neutralising acids as the alkalis or soluble oxides. Hence 
an alkali is nothing more than a metallic oxide that 
happens to be soluble in water, and therefore able to show 
its action on colours directly. 

HYDROGEN FROM METALS AND ACIDS.— The state- 
ment that metals expel hydrogen from acids is probably 
correct in all cases, but to obtain hydrogen practically it 
Fig. 22. is not advisable to take any acid or metal on chance, 
because some secondary actions may take place. 

Sulphuric Acid and Zinc or Iron. 

In a flask of about 500 c.c. capacity place 200 c.c. water. Poiw 
into this not more than 20 c.c. of strong sulphuric acid. The mix- 
ture^ of acid and water will become moderately heated, owing to the 
sulphuric acid combining with some water. Now drop into the acid 
some clean zinc, in clippings or granulated, or pour the acid solution 
on to some zinc mixed with water. Water must never be added to 
sulphuric acid, aKS'^the temperature may rise so much that some acid 
may be projected. 

The surface of the metal will almost immediately become covered 
witj;^ small^gas bubbles. These will rise to the surface of tlie liquid, 
and after a short time the contents of the flask may become heated 
and bubble violently. The action can be moderated by external 
cooling, '^dipping into water or holding under a jet of water, 
o A- cork fitted with a modei*ately small-bored glass tube of 12-15 
inches length must be provided beforehand. After the action has 
gone^on for a few minutes, the cork and tube is inserted, and the gas 
permitted to displace all air before any gas is collected. A flexible 
tube may be attached to the glass tube and the gas collected over 
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water, or simply by holding inverted tubes ovei- the outlet, letting the 
light gas displace the air. 

Instead of zitic, iron in wire or filings may be used j or nickel or 
aluminium, both of which may be obtained in wire or^thin sheet, 
should be tried. The gas evolution will be observed to be much less 
active in these cases than with zinc. 

The “ strength ” of the sulphuric acid solution has a "decided 
effect on the rate of evolution of gas, whatever the metal jmay be. 
This may be seen by making some dilute acid — say 1 c.c. of the 
acid and 200 c.c. of water — and trying the effect of this on zinc. An 
action will be observed, but little gas will collect compared with the 
previous case. 

Now place 20 or 30 c.c. of the concentrated acid in a small flask, 
and add the zinc to this. Gas bubbles may appear on the surface of 
the metal, but no evolution of gas will be observed. On carefully 
heating to a moderate temperature the zinc will begin to dissolve, a 
whitish cloud will appear in the liquid and gases will begin to come 
off. These gases are not hydrogen, but some sulphur compounds. 

On some of the other metals, as iron or aluminium, the pure con- 
centrated acid has little or no effect. Ii^on and aluminium vessels 
are, indeed, sometimes used for holding the strong acid. 

The action between the zinc and acid, as first mentioned, may 
cease owing to all the metal being dissolved or all the sulphuric acid 
removed by the metal. If the metal disappears, make sure that all 
the acid is used up by addiiig more metal. Pour the solution into 
an evaporating basin and boil down to about half the original bulk 
and put aside to cool. Crystals of zinc sulphate should form. 
Crystals are sometimes slow to form even from concentrated solutions. 
In such cases a few drops evaporated on a slip of glass and well 
stirred with a glass rod or match will generally give a crystalline 
residue, and this, agitated with the concentrated solution, starts, as a 
rule, the crystallisation. In a case of this kind the temperature 
qf the solution before and at the time of formation of the 
crystals should be noted. Supersolution or superfusion takes place 
with many substances, probably with all under suitable circumstances. 
When this happens there is always a rise in temperature when^he 
matter assumes the solid state, whether it be from a solution or from 
a melted material. 

From the final results of the action of zinc asid sulphuric acid 
on each other it is found that for every 98 parts by weight of the 
acid used C5 parts of zinc are dissolved and are contained in the zinc 
sulphate produced, and 2 parts by weight of hydrogen are given off. 
The hydrogen has, relatively to the zinc and acid, an enormous bulk. 
Supposing the “parts’^ were grams, the hydrogen would have a 
volume of more than 22 litres. The 98 parts by weighlf of the 
'Sulphuric acid are made up of 32 parts sulphur, 4 x 16 = 64 parts ^ 
oxygen, and 2 parts hydrogen. 

The zinc sulphate, as obtained in crystals from the solution, 
contains water of crystallisation. 

If these crystals be heated, or the solution of the zinc in th^ 
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acid and water be boiled down and then strongly heated, a white 
powder will be obtained which is the real dry zinc sulphate. Based 
on the above, the action between zinc and this acid^*an be shown as 
a chemical equation ’’ by using symbols and formulae. 


o 


Zn + H.,SO, = H„ + ZnSO„ 
(35 98 2 161 

98 }= 163 16 ?) =163 


Many other acids behave similarly, but practically the only one 
used, besides sulphuric, for this pui'pose is hydrochloric acid. 

This acid differs considerably from sulphuric. It is a solution 
in water of a gaseous compound of chlorine and hydrogen, and 
contains no oxygen. Ice-cold water will dissolve several hundred 
times its volume of the gas. On this solution being heated much of 
the gas is expelled, but simple boiling will not expel the whole 



The flask contains 200-300 grms. of common salt — sodium chlo- 
ride (or about the same quantity of sal-ammoniac). The dropping 
funnel contains strong sulphuric acid. When these compounds come 
in contact an ’"interchange of elements takes place, sodium from 
the salt becoming united to the sulphuric acid and hydrogen from 
%he sulphuric acid joining with the chlorine of the salt to a cer- 
tain stage, as expressed by the equation NaCl + H.jS 04 = NaHS 04 -fH 01 , 

Salt 

the process requires no external help by heating. The glass into 
which the safety tube dips contains a little sulphuric acid. 

of the gas. The ordinary acid is a slightly coloured liquid which 
fumes a little on exposure to air. ♦ 

'^inc £i^d several other metals dissolve more rapidly in this acid 
than in sulphuric. The reaction between hydrochloric acid and the 
metals p^luminium and magnesium is a very energetic one, and quickly 
^becomes almost unmanageable when the strong acid is used. 

°Tin may be used, the action not being violent unless the acid is 
stropg and heated. 

Hydrochloric acid may sometimes be employed in the gaseous 
^tate with advantage. In this condition the rate of action can 
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be regulated and the nature of the metallic element is of less 

sequence. ‘ • 

Tlie apparatus requii’ed for the preparation of hydrogen from a 
metal and the gaseous hydrochloric acid is shown in Fig. 28. The 
metal is placed in the wide tube, which should be of good glass, and 
heated, in the case of zinc or tin, until the metal melts. Iron or 
aluminium, if in filings or turnings, need but gentle heating. The 
speed of output of gaseous hydrochloric acid can be regulated by the 
rate of dropping of the sulphuric acid on the salt, and alscJ by the 
tap, any excess escaping through the safety tube. The metal may 
also be contained in a small porcelain boat. 

The final results of this action, in the case of zinc, can be ex- 
pressed by : 

Zn + 2HC1 = H, -f ZnCl,. 

85+2 XS6-5 = 2“ + 136' 

The product formulated as ZnCh — zinc chloride — will be seen, in 
the experiment with the gas, to form as a clear liquid around the 
melted zinc and to vapourise slightly along the tube. If other 
metals than zinc be used a chloride is also formed, but will be very 
different in appearance from the zinc compound. When zinc is dis- 
solved in the ordinary liquid hydrochloric acid and the solution heated 
until the water is expelled the same compound is left. This also 
applies to other metals dissolved in the aqueous acid. 

• Acids -are not the only substances from which hydrogen may 
be obtained by the action ^f metals. The hydroxides of metals 
contain hydrogen which can be displaced by metals. The two most 
soluble hydroxides are those of sodium and potassium, and several of 
the more common and abundant metals, as zinc and aluminium (and 
also magnesium and calcium), react in an energetic manner with them, 
driving off hydrogen. 

Dissolve about 5 grms. of sodium hydroxide in 100 c.c. water, 
contained in a flask. Add about the same weight of aluminium, in 
%)il or small pieces. (The temperature rises considerably, as a rule, 
and the flask may need external cooling.) Hydrogen is very rapidly 
given off. The gas prepared in this manner is not quite pure, but 
better than that obtained by the interaction of iron and an acid. 
For the common reactions the small quantity of impurities will not 
seriously interfere. 

The metals sodium, potassium, and magnesium^decompose water 
more easily than any other substances. The final products are hydro- 
gen and hydroxides of the metals. The dry hydroxide of sodium, 
&Q,, giyeS off hydrogen on contact with metallic sodium, &c,, but^e 
action is not rapid until the hydroxide or the metal m^lts, aifais 
not a practical or safe method of preparing hydrogen. 

Corisiderahle danger always attends the employment of 2y^tassmm 
or sodium in the metallic state. 

Experiments. 

Owing to the difference between hydrogen and other ^gases 
in relative weight it can be collected by what is termed upward 
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displacement. That is, if a tube or bottle be held mouth downwards, 
and hydrogen be simply led in by a tube rising a little way inside, 
the air will be thrust down by the lighter gas. A Mtre of air weighs 
about 1*29 ^rm., whilst a litre of hydrogen under the same conditions 
weighs but *0890 grm. That is, for the same volume the air is more 
than fourteen times heavier. Exactly, they are as 1 to 14*4, 

After filling a tube with hydrogen, empty this under another 
inverts^ one containing air. The air will be displaced. This can be 
tested by applying a burning taper to the mouth of the inverted tube. 

Collect several tubes in this manner, or in the usual way with 
some other gases, by water displacement. (IST.B. — Some impurities 
are removed by water.) 

I. Introduce into an inverted tube of the gas strips of red and 
blue litmus papers. They should be unchanged. 

II. A lighted match or taper will be extinguished if pushed into 



the gas, although the gas will burn in the air at the mouth of the 
tube. 

Fire the gas at the mouth of a tube and hold a clean knife bla^e 
in the flame. It will be covered with dew or moisture. 

III. A glass rod dipped in lime or baryta water and held in the 
gas'»*will not become white or opaque. 

IV. A coil of moderately small copper wire should be heated 
over a flame and introduced hot into the hydrogen in a tube. The 
copper will app^r bright red where in contact with hydrogen, 
although black in the parts exposed to air. 

This effect is due to the removail of the layer of oxide from the 
copper. Many metallic oxides when heated to some particular 
teuepei'ati!:!re in hydrogen give up part, or the whole, of the oxygen * 
to that gas. 

Pla^e a few grams of red oxide of mercury in a tube of about 

cm. lex^th (see Fig. 24). Lead a gentle stream of hydrogen gas 
^rough the tube from any form of generator, and then apply a 
Bunsen flame to the part of the tube only where the oxide is. The 
oxide will appear to be burning, and mercury will condense in small 
drops and form a ring like a mirror a little way along the tube. 
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Further away water drops will be deposited# and a little condensiug 
steam may be visible at the end of the tube. 

A quantitative experiment should be performed in the same appa- 
ratus, employing another metallic oxide. The oxide of copper, formed 
by heating the metal in air until it ceases to gain in weight, is most 
suitable. The hydrogen should be dried by bubbling through a 
concentrated sulphuric acid tube (Fig. 25). The copper oxide can be 
contained in a small porcelain boat, or a boat may easily bo made 
fi’om clean copper foil by bending a small piece round a pencil and 
turning in the ends. 

The boat is to be first weighed, and then charged with the oxide 
and again weighed. The quantity of oxide should be from 1 to 2 
grms. Pure copper oxide consists of 63 parts copper and IG oxygen, 
so that about 20 per cent, of its weight is due to oxygen. The tube 
shown in Fig. 25 is attached to the end of the tube 
containing the boat and oxide. This water-collecting 
tube contains a few c.c. of strong sulphun'c acid. It 
is weighed before attaching. Firstly the whole tube 
is thoroughly filled with the dry hydrogen gas, and 
whilst a steady current is running the part where 
the boat lies is heated to redness if possible. The 
black copper oxide will change colour to red, and 
.water may, condense in the tube where cool. It can 
be seen when the reaction is complete by the change 
in colour. The heating mus^be maintained for some 
time after this, and the moisture driven into the 
sulphuric acid-catcher by warming the whole length 
of the tube. With the quantity named and a steady 
stream of hydrogen the operation should be com- 
pleted within about forty minutes. The heating is 
discontinued, but the hydrogen current kept on for 
a little time until the tube is almost cold. The water 
aflsorber is then to be detached and weighed, and the boat, with its 
metallic copper, also weighed. 

From this experiment the loss of weight of the copper oxide *(n) 
gives the amount of oxygen used in producing the water formed and 
weighed together with the water absorber (m); Qii-n gives the 
weight of hydrogen used in forming m grms. of water or combining 
with n grms. of hydrogen; m *- Qiln will be found to approximate to -g-, 
which means that one part of hydrogen combines with eight parts 
of oxygeis to form nine parts of water. The equation CJuO + 

• = Cu -P H./) -1- can be based on this result. « • 

The experiment can be simplified by allowing the steam to escape, 
weighing the copper oxide and resulting metallic copper onjy. In 
this case the copper oxide should be made by the student from 
metallic copper by heating in air until thei’e is no further increase in • 

weight. ^ 

Other metallic oxides “reducible'’ under these circumstances are 
the several oxides of lead (litharge, red lead, peroxide), zinc oxide, 
ferric oxide. The lead will appear as melted globules, tbe zinc as a 

3 
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grey slightly metallic Isoking coating on the tube, and iron a 
Hack powder which is atti'acted by a magnet an4 rapidly become.? 
reoxidised on exposure to air. 


• 

NASCENT HYDROGEN. — It is not always necessary to conduct tlie 
procesjj of reduction by hydrogen at a high temperature. In a 
number of cases it is only necessary to liberate the gas in contact 
with tlfe substance containing oxygen, &c. It is always quicker and 
more perfect when the substance to be reduced is soluble in the liquid 

employed. i i • -i . 

The action is best seen when a liquid, as dilute sulphuric acid, is 

electrolysed, platinum plates being employed. 


Examples. 

Colour some dilute sulphuric acid by dissolving therein a little 
potassium permanganate. Arrange a small beaker with the solution 
and two strips of platinum foil as poles or electrodes. On connecting 
with a storage cell (or battery) it will be seen that the liquid around 
the pole at which hydrogen is liberated becomes decolourised, and 
scarcely any hydrogen bubbles will be perceptible until tbe colour 
has quite vanished. 

Dilute acid coloured by a little permanganate maybe decolourised 
by stirring with a piece of zinc or iron. ^ ^ 

Also, if to a mixture of zinc and dilute acid in which liydrogen is 
visibly forming, a solution of a permangiTnate or bichi'omate or nitrate 
is carefully added, the gas formation will to some extent cease, 
and only recommence when a certain amount of oxygen has been 
taken away from the substances named. In cases of this kind the 
temperature always rises. 


GALVANIC COUPLES. — ^Water can be decomposed so as to pro- 
duce h 3 'drogen by means of galvanic couples ; but tbe output of 
the gas is not rapid or in quantity, as is the case with some methods 
already described". 


Copper-Zine Couple. 

If metallic zinc be dipped into a solution of a copper compound, 
as the sulphate, blue vitriol, fine particles of metallic copper are 
deposited on the^zinc sui'face, which appears black. It is not a 
vei’y coherent coating, and may be rubbed off without difficulty. 
Each little particle of copper and the zinc beneath fosm a gal- 
vanic coupl^B. To make this, the zinc in filings, turnings, or clippings '' 
of thin sheet metal, or even granulated metal, is first cleaned by boil- 
ing for a few minutes in weak sodium liydroxide solution, thoroughly 
washed %ith hot water, and tlien shaken up with a very weak 
^(5 per cent.) copper sulphate solution until a fairly even black coat- 
ing has formed. It is then quickly washed several times with cold 
watef. 

The remit of the action of^the many short-circuited couples is 
that zinc oxide, or hydroxide, and hydrogen are produced, the 
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copper not being affected. Some other cojnbinations, as platinum- 
zfnc, platinum-irpn, copper-magnesium, <fec., are more active, but for 
most purposes the copper-zinc is effective, 

A few grams of this copper-zinc couple boiled with water will give 
a small quantity of hydrogen. The water will become cloudy, or a 
white coating will form on the couple when the action h§s gone 
on a little time. This is zinc oxide or hydroxide. Magnesium very 
slightly coated with copper or platinum decomposes water much 
more rapidly than the zinc combination.* 

* The purity of the hydrogen obtained hij any %>roce§8 depends upon both 
metals and acid. Iron and some other metals which contain carbon, and 
sulphur, &c., give off a very “ odorous ” gas, however pure the acids may be. 
The odour is due to carbon, or sulphur or phosphorus compounds of hydrogen, 
which are formed in very small amount as the rnetals are dissolving. When 
perfectly pure hydrogen is required these impurities must be washed out by 
suitable means or the method of electrolysis employed. When hydrogen is 
required in large amount, as for balloons, absolute purity is not necessary, and 
ordinary iron turnings and dilute sulphuric acid are the most convenient 
materials for its production. Aluminium and sodium h 3 ’droxide are also con- 
venient for this purpose, owing to the lightness of the metal, &c., for carriage. 



CHAPTER IV. 


CARBON AND CARBON COMPOUNDS. 

The substance known as carbon is almost as widely distributed as 
the three elements previously dealt with. It is found in the so-called 
elementary state as minerals— graphite and diamond — and in many 
mineral and countless organic compounds in chemical union with 
other substances, particularly oxygen, hydrogen, and nitrogen. 
As to quantity, the imagination can perhaps be helped by the 
statement that about 12 per cent, by weight of all chalk, limestone, 
&c,j is carbon, and that it exists in all plant and animal products in 
still greater amount. 

CHARCOAL is obtained by subjecting^ almost any kind of organic 
substance to a high temperature in such manner that little or no 
air can gain access to the material whilst it is being heated. Some 
substances, when heated, first melt, and at some higher temperature 
decompose. Carbon compounds are very numerous, and decom- 
pose at various temperatures and in various ways. Nearly all do 
decompose at high temperatures, and when this happens some of the 
carbon is released from its union with, it may be, hydrogen, or 
hydrogen and oxygen, (fee,, and is left or deposited in the vessel 
which the heating takes place in the form of a charcoal. The 
exteimal form and appearance of this charcoal as well as its composi- 
tion'' depend on the nature of the carbon compounds employed and 
the temperature and duration of beating. In very few cases is 
charcoal anything approaching pure carbon, but very pure carbon 
may be obtainedc f rom charcoals by appropriate treatment. It is 
always non-crystalline and black in colour, but in hardness may vary 
exceedingly. Carbon does not melt or vapourise at any ordinary 
temperature. ^ 



Obtain some cellulosic material, either cotton-wool, fiax, linen, 
wood-sllavings, straw, (fee. Heat these in a small retort or distilling 
''flask, which should be arranged so that the gases and other products 
can be to some extent caught and examined (see Pig. 26). 

She bulb of the retort may be three parts full of the material, 
' and the heating carried on to the highest temperature the glass can 
withstand and until very little more gas is given off 
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Some tubes full of gases may be collected, and each one examined 
as to its manner of burning, whether with*a very luminous flame or 
one only slightly so. The water in the funnel or trough should also 
be examined by red and blue litmus papers, as substances distil over 
and collect on and in the water. Oily products of thick consistence 
and unpleasant odour will collect in the neck 'of the funnel and 
separate to some extent from the water. The water will** contain 
several things in solution, from ^vhich they may be extracted 
without much difliculty. 

The retort must first be allowed to cool and then only removed, 
and broken to obtain its contents, which are ^‘charcoal.” The 
charcoal will have the same shape as the original matter, but will be 



much reduced in size. It and the original matter should be examined 
under the microscope. 

Unless the temperature was very high and long continued, the 
charcoal made in a glass retort will be found to smoulder or glow in 
the air when just set fire to, until all the black material has gone and 
a little greyish powder is left. The amount of this residue or ash 
differs materially in the substances mentioned, cotton-wool leaving 
least and wood or straw most. The charcoals can easily be crushed 
to a very fine powder. This powder is of about the same relative 
weight as water, so that when shaken up with water it sinks but 
slowly. It is quite insoluble in water or other liquid unless there 
be some chemical action. Hot concentrated nitric acid will often 
set this S:ind of charcoal on fire, and hot sulphuric acid will also be 
acted upon by it, but more slowly. * * 

Some of the freshly made and powdered charcoal should now be 
shaken up with a little water to which litmus solution kas been 
added until decidedly blue coloured. On filtering oflf the suspended 
charcoal it will be noticed that the colour has departed from* the 
water. Ereshly made and finely powdered charcoal attracts 4nany 
colouring-mat fers from liquids. It also, when dry, absorbs gases in 
considerable amount. 
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any kind of wood or woody 
differs a little in physical properties, according to tire 
source. On a large scale it is made by heatin'g wood in iron 
f f vetoes carefully arranged heaps of wood are covered 

7nd£7irf ^ ^he wood burns aZ 

and the heat produced just chars the remainder. 

bugkr and a number of other compounds, when gently heated 
mel^ apd do not decompose until hotter than their melting-point ’ 

ordinary white sugar in a retort'as 

melting it will change colour boil up 
and expand, giving off gases, which «hc„l,i n. “P 



adheres to the 

saEaS§SlSr“ 
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carho7is. They are more difficult to decompose by simply heating 
than many other carbon compounds which <^ 3 ntain oxygen or other 
elements in additfcn to hydrogen. 

Petroleum may be considered to be a mineral, or of mineral origin, 

FRACTIONAL DISTILLATION. — Many compounds of carbon may 
not only be melted, but boiled and completely converted into 
vapour without decomposition. 

The ^‘temperatures ”at which a substance melts or boils are very 
characteristic and practically unalterable properties of the particular 
substance (see “ Sulphur "’). 

When a mixture of several substances, of differing boiling-points, 
is heated boiling will always commence before the temperature of the 
highest boiling constituent is reached, and often much below the 
calculated mean boiling temperature of the constituents. 



If two substances of widely differing boiling-points be mixed^it is 
a comparatively easy matter to roughly separate them by distillation 
fi?om an ordinary retort. The one of lower boiling-point will, on 
the mixture being heated, vapourise more rapidly, or to a greater 
extent, than the other. The portion vapourised or boiled is 
never quite pure, as some of the higher boiling-point material also 
vapourises. The residue in the retort after a certain temperature 
has been reached may be a nearly pure substance. 

For a simple distillation, to separate volatile^from non-volatile 
substances, an ordinary retort or distillation flask, such as shown in 
Fig. 28, 4s quite sufficient. 


Salt water or a “ hard well water should be distilled in an 
arrangement like Fig. 28, above. The boiling-]3oint of a liquid may be 
ascertained in this apparatus. Whatever the liquid be, if pure?, the 
temperature, as shown by a thermometer suspended m the valour a 
little above the liquid, will not vary during the whole time of boiling 
or distilling over, provided that the vapour has free escape and the 
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barometric pressure is steady and some small pieces of I’ongb wire 
or broken porcelain be in the retort. ^ 

When the quantity at disposal is very small 4he boiling-point 
may be ascertained by finding the temperature at which the vapour 
is exerting' the same pressure as the atmosphere at the time. This 
is done as in Pig. 2i), where the small bent tube contains a little 
mercury and a drop or two only of the liquid. As the temperature 
rises the vapour of the substance pushes the mercury down from the 
closed ^nd, and when the columns are level the thermometer will be 
marking the boiling-point, as the pressure of the vapour is then 
equal to the atmospheric pressure on the open end of the tube. 

With complex mixtures, like ordinary petroleum, 
the constituents can only be sepai*ated by the use of 
a particular long head* to the retort or still, up 
which the vapours must ascend, and where they are 
cooled and condensed in a ceiTain order. 

Obtain a litre of ordinary lamp petroleum (paraffin 
oil). This has been, of course, distilled at the place 
of origin. It is, however, still a mixture. 

The distilling flask should have a capacity of 
about 800 C.C., and be I’cnud-botbomed. (Copper is 
much preferable to glass.) 

The dephlegmator tube f (Fig. 30) is fitted in with 
a cork, not with a rubber stopper. Snob a flask 
should not have more thj^n 500 c.c. of petroleum as a 
charge. On heating, many of the constituents of the 
mixture are converted into vapour, some in greater 
amount than others. These vapours ascend the tube. 
There is a certain amount of resistance due to the 
construction of the tube, and much cooling owing to 
the large surface. Tiie fiame must be arranged so 
that no serious priming ’’ of the tube occurs, and that two or three 
drops per second fall into the receiver at the end of the cooling 
tube. The action in the tall tube is roughly like this. Imagine 
three vapours, a, 5, c, ascending the tube — a most volatile, c least. 
All are cooled, and some of each condensed. If the tube is long 
enough and the heating not too severe some of a alone will survive 
the cooling and enter the side outlet, whilst all of b and c and some a 
will be condensed^ and fall back. In condensing b and c also give 
up heat, some of which is expended on a. The thermometer will 
stand practically constant or rise only through a small number of 
degrees whilst any decided individual substance is distilling over. 
Soiwtimeser. it is only possible to collect “ fractions ’’ coming over 
whilst the thermometer is rising through 20 or so degrees. In such 
case the^e portions are again distilled. This may happen wdth the 
500 c.c. of petroleum. Heat gently at first .so that it slowly passes 

^ Dephlegmator. 

trThis may be quite straight, and can be easily made. 14 ins. by I in. 
(35 cm. by 1*5 cm.) is a convenient length and size. The theory of “this 
process cannot bo entered into here. 



Fig, 29. 
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over, and catch in separate tubes or flasks the distillate at every 
20^ C. up to about 200° G. Measure each fraction. Allow the 
retort to cool, thefi measure the residue. 

Place about 20 c.c, of the original oil in a small beaker. Pass a 
burning taper at the distance of about 1 cm. (orj inch) slowly over 
the surface of the oil. There will probably be no effect. Now do the 
same with the fractions obtained by distillation. The first fraction 
will probably have commenced to distil at about 100° G. Its„vapour 



will probably flash ” or fire when the taper flam^ is passed ovei\ 
Flashing is due to inflammable vapours being given off, which form 
explosive mixtures with air. 

^ Most oils will give ofi:" sufficient vapour for this flash test at some 
particular temperature, and a special apparatus is generall^^^empldj^ed 
for ascertaining this point. This is the flash point of the oil. 

If some of this peti’oleum be boiled away in a test-tube a 
little black residue only will be left. If, how^ever, the vapour of the ^ 
oil be sent through a very hot tube charring takes place. * 

For this it is onlj^ necessary to heat some petroleum to boiling- 
point in a distilling flask and allow the vapour to pass thi'ough a 
nairow tube heated to full redness by a good Bunsen flame. A thin 
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lajer of somewhat hai-d and glistening charcoal will be found lining 
the tube. ^ 

When any of these oils are burnt from a wick ^or when a jet of 
their vapour is fired) and a cold object held in the flame so as to 
obstinict the air supply some charcoal is deposited, but its texture is 
loose ; it is “ soot.” This material can be obtained from almost every 
kind o7 flame of a cai-bon .compound by chilling or restricting aii 
access, ^nd when made in this manner is often called lampblack.” 

Turpentine, camphor, resin, and many substances obtained from 
coal tar, such as benzene, naphthalene, &c., burn with very smoky 
or sooty flames. 

Coal, when heated to a very high temperature, produces coke — a 
much denser and harder form of charcoal than given by ordinary 
plant products. 


Pound up some ordinary coal. Half fill a small porcelain or 
platinum crucible with the fine po-wder, close with a lid, loosely,' and 
heat as strongly as possible over a Bunsen flame, or, better, a large 
blowpipe flame. Much gas will be formed, and burn with a luminous 
and smoky flame. The heating should be continued until little or no 
more gas seems to be produced and the crucible is fairly red hot. 
After cooling the crucible will be found to contain a porous coke. 
It will appear to be one piece, and is much harder than wood 
charcoals. Heating for a long time <^o a very high temperature 
increases the hardness of the coke. 

(rccs carbon is formed in the retorts or clay tubes in which coal is 
heated in the manufacture of coal gas. It is produced by the decom- 
position of the gases, and is found on the upper parts of the retorts, 
where he temperature is very high. 

Animal substances, as hoirn, bone, ivory, feathers, leather, wool, 
silk, cfec., give, when heated, a peculiar carbon or charcoal residue. 
The gaseous products differ considerably from those produced wi<feh 
the previously mentioned substances. 


Heat in a small retort or crucible (as with cotton — ante) either 
quill cuttings, horn shavings, or silk. Any of these will be obseived 
to swell up and ^vriggle when first heated. Vapours escape which 
when tested with the litmus papers react quite differently from those 
from carbon or wood. The vapours have a very unpleasant odour. 
On heating to cessation of gas evolution the residual charcoal will 
ap^ar ai^ if fusion had taken place before final resolution. The 
charcoal is hard and shiny, and does not easily burn in air. Bone 
and ivo^y will give off similar volatile products, but the charcoal will 
^retain the form of the original owing to the large quantity of 
mifieral matter they contain. Animal products contain nitrogen, 
whic^h is converted into ammonia at the temperature of charring. 

All the varieties of charcoal or amorphous carbon mentioned 
J will, commence to burn in air when heated therein to some particular 
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degree. The more dense the charcoal the holier the ignition tem- 
perature. Graphites, diamond and gas caihons require not only a 
high temperature, but either pure oxygen or air containing some 
extra oxygen. 

Some one of the charcoals made should be burnt either 
in pure oxygen or in air, so that the product may be caught and 
examined. About a gram, or less, of charcoal from cotton-wool or 
similar light substance may be ignited and dropped into a dry flask 
— say a liti’e flask — which is then quickly closed with cork or stopper 
and gently shaken so that the charcoal does not remain at one place. 

It will glow for a little time and then go out. Allow the flask to 
cool before opening. If done properly little diflference of pressure 
will be noticed on opening. Some charcoal will be left, as there is 
little more than *25 of a gram of oxygen available in the litre. 

Different kinds of coke, graphite, and dia- 
mond may be tried in the same way as the 
charcoals. They will not continue burning in 
air. 

A bottle (Pig. 31) should be filled with 
oxygen, and small pieces of coke, graphite, or 
^diamond splinters wrapped in platinum wire 
*(or foil), heated very strongly, and quickly 
immersed in the gas. ^ 

Assuming charcoal to be carbon, the action 
on burning may be represented by C -{- 0^ = OOg, 
which means that 12 parts by weight of carbon 
have united with 82 parts of oxygen. 

It should be noted that the oxygen ^ is 
gaseous and the cai*bon a solid, the specific 
gravity of which may vary from about 1 to nearly 4. whatever 
‘‘^Alotropic’' form the carbon may be in, the weight proportion 
remains constant. The carbon compound, called ther dioxide, tormeci 
has the same volume as the oxygen before combination. ^ 

When charcoals are completely burnt^ the main product is the 
oxide called carbon dioxide or carbonic acid or carbonic anhydride. 
This compound is a heavier gas than air, and will remain for a little 
time in the bottle w’here made. After burning a chlircoal in a bottle 
add about 20 c.c. cold water and shake up for a few minutes (filter, 
if necessary, or allow to settle). Add a few drops of litmus solution, 
.or dip in a piece of blue litmus paper. The litmus will change to a 
wine-red^ colour^ which indicates a feeble acid character. 

To another bottle in which a charcoal has been burnt, either in 
air or oxygen, add about 20 c.c, of lime or haryta water (these aie 
solutions of the hydroxides of the metals calcium and barium), * 
shake up. The liquid will become milky owing to_a white 
of a compound of the oxide of carbon with the oxide of the metal. 

The white precipitate is in each ease a carbonate of the metal. 
Most metals can yield similar compounds. The two mentioned are 
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generally used ns indicators or tests for this oxide of carbon, as they 
are white and insoluble in ordinary pure water. Acids, as nitric or 
hydrochloric, decompose all these carbonates, the oxide of carbon 
(carbon dioxide) being genei^ally visibly expelled, an effervesce-nce 
taking place. 

Chalk, marble, limestone, and other minerals are essentially 
calcium carbonate. 

The composition of pure calcium carbonate is represented by 
CaCO^, which means that in 100 parts by weight 40 are calcium, 12 
carbon, and 48 oxygen. The two former figures are the atomic 




weights of the elements Ca and 0, atid 48 is evidently three times 
the atomic weight (IG) of oxygen. 

The lime or baryta water test is expressed by the equation 

00^ + CaH^O^ = CaC 03 + Hp, 

and the action of hydrochloric acid on the calcium carbonate by 

2HC1 4- CaC03 = OaCl^ + CO. + H.O. 

73 100 111 44 " 18 « 

Calcium hydroxide solution becomes turbid or milky on shaking 
up> with air, which contains about *03 per cent, of carbon dioxide. 

Place a few grams of chalk or marble in a test-tube and add two 
or three c.c. of hydrochloric acid. Yiolent efllervescence will take 
place, but without rise in temperature. 

Collect some^of the gas, by allowing it to flow over into some dry 
tubes (Fig. 32), and examine by litmus and by lime water. The 
results should be the same as with the gas from the burning of 
charcoal^ A lighted taper or wood splinter will also be extinguished • 
when introduced into the gas. 

Potassium, or sodium, hydroxide solutions absorb carbon dioxide 
yrithoiTb any precipitation, the carbonates formed being very soluble 
in ^water. 

00, 4- 2mOH = Ka^CO, 4- H,0. 

Carbon dioxide is most conveniently generated by allowing 
hydrochloric acid to drop on marble or chalk in a fl^ask arranged as 
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iD Fig. 38. The gas evolution is then under control. By passing 
the* gas through water it is freed from hydrochloric acid, v/hich is 
liable to be carried*over. 

In using an apparatus of this kind it is usual to allow the gas to 
escape for some time to expel air. 

When all the air is expelled, complete absorption of the gas takes 
place when the exit tube of the apparatus is just dipped und^r the 
surface of a solution of sodium hydroxide. With this apparatus 
larger quantities of the gas may be obtained, and in a regular stream. 
The flame of most ordinary combustibles is extinguished by this gas, 
but several metals will burn in it. 


Coil a few centimetres of magnesium ribbon and place at the bot- 
tom of a test-tube. Lead a stream of the carbon dioxide to the bottom 



of the tube, and then heat strongly the place where the coil lies. Or 
the gas may be led into a flask and a piece of burning magnesium 
rikbon di’opped in. The metal will not burn so well as in air. 
Black and white stains or splashes will appear on the glass. They 
are partly magnesium oxide, partly carbon. On adding a few drops 
of hydrochloric acid the white oxide will dissolve, leaving a black 
powder of carbon from the carbon dioxide. The action of the 
magnesium is shown in formulae by 2Mg + C 03 = 2Mg0 + C. A few 
other metals will similarly decompose carbon dioxide. 

CARBON, MONOXIDE. — This compound consists of carbon and 
, oxygen in the proportions by weight of 12 to 16 only. It can be 
produced by heating charcoal, or some metals, to a high teAperalfure 
a gentle stream of carbon dioxide . 

The carbon dioxide produced in the flask, from marble ancLhydro- 
chloric acid, must be dried by passing through sulphuric acid instead 
of water, and then led over charcoal or galvanised iron wire, cnn- * 
tained in a tube, which is heated as strongly as possible. ,The 
arrangement of the apparatus may be as Fig. 34 (or see “ Steam ”). 

This gas is a trifle lighter, bulk for bulk, than air, and can be 
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collected over water, or potassium, or sodium hydroxide solution, in 
.which it is not soluble, ^as carbon dioxide is. ^ 

' The gas may be set fire to, and then burns in afr with a blue flame. 
•The product of its burning is carbon dioxide. Its production as 
d^^scribed'^above is due to the abstraction of part of the oxygen from 
4-:tfee carbon dioxide by the carbon, or the metal, under the particular 
conditions of temperature. OOo + 0 = 2CO or 00^ + Zn == 00 + ZnO. ' 

Anotlier way of obtaining this oxide is to drop formic acid, or a 
formate as sodium formate, into strong warm sulphuric acid con- 
tained in a flask arranged as that for generating carbon dioxide from 
chalk (Fig. 33, ante). Perfectly pure carbon monoxide is evolved. 

When carbon monoxide burns in oxygen or air the action may be 
represented by the expression 200 -}- = 200^ (see later). 

This oxide is produced in many technical operations on a very 
large scale, and is the chief constituent of most gaseous ‘^fuels’’ or 
heating ’’ gases. 

AVOGADRO’S LAW . — The formula employed to express water is 
based on the relative combining weights (Ih parts of oxygen to 2 
parts hydrogen) and volumes (2 of hydrogen to 1 of oxygen). The 
formula H 2 O represents a molecule of water. Practically also it should 
be taken to mean 18 parts by weight of water. When the two con- 
stituents unite there is a condensation, two volumes of hydrogen and 
one of oxygen forming two only of steam or gaseous water. 

Taking grams and cubic centimetres as weights and volumes, it 
becomes 


Oxygen . . .16 gi^ms. = 11,200 c.c. 

Hydrogen ... 2 grms. = 22,400 c.c. 

Steam . . .18 grms. = 22,400 c.c. 

In the formation of carbon dioxide the volume or bulk of the 
carbon is apparently lost, the product of the burning of carbon 
having the same* volume as the original oxygen. 

Oxygen . . 82 grms. = 22,400 c.c. 

Carbon . . 12 grms. == a volume, as a solid, of- from 

^ about 4 to 5 c.c. in the case of 

diamond or gx'aphite to nearly 1 2 
c.c. with some forms of charcoal. 

#The formula COg means, therefore, 44 parts by weight of this gas? * 
and, if the parts are taken as grams, also a volume of 22,400 c.c* 
by volume at 0° C. and 760 mm. HgO and 00^ represent molecules. 
The weights of equal volumes of these substances as gases at the 
''same temperature and pressure are as 18 to 44. 

Almost all ^ other gaseous substances show a like connection. 
That is, quantities represented by their simplest ^‘weight formuke 
; occupy the same volume^. Thus : 
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Water (vapour) 
Carbon ciio:»cle 
Carbon monoxide . 
Sulphur dioxide 
Ammonia 
Hydrochloric acid . 
Methane 


. = IS grms. 

CO. = 44 „ 

, CO" - 28 „ 

SO., = G4 

. nh; = 17 „ 

. HCl = 3b*5 ,, „ 

• CH, = 16 


All these various parts by weight occupy the same volume — viz., 
22,400 C.C., if the weights be taken in grams. 

This may be called the “ normal volume/’ 

These values seem to mdicaie that gaseous molecules may he all of 
the same size. Assuming 18 grms. of steam to represent a mole- 
cule in grams (it cannot be an atom, because it is divisible into two 
substances), then the above formulre are also molecular, because they 
are the smallest formulas applicable to these substances by weight 
and relative number of ‘‘atoms,” and these wmghts all occupy under 
the same conditions of temperature and pressure the same volume. 
That is, these weights occupy the same volume as 18 parts of steam, 
and the steam itself occupies the same volume as its contained 
hydrogen, and experiment shows that 2 grms. of hydrogen occupy 
the same volume as the 18 of steam and also of the weights just given 
jaf the other gases. 2 ma}’' therefore be taken as the molecular weight 
of hydrogen. The above are compounds ; the elementary substances 
oxygen, hydrogen, nitrogen, •&c., evidently follow a similar law, 
since 


H„ = 

2 

grms. 

0.: = 

32 

jf 

n; = 

28 

n 

Cl, = 

71 

ff 


This is arrived at experimentally by finding the relative density 
of *1116 gases under similar conditions. (See “ Yapour Density,” 
' later.) * 

Frequently air is taken as the unit of density of gases and vapours. 
The “ molecular ” weight of dry air maybe for practical purposes 
taken as 28*8. 

The density of any gas or vapour compared with air is given by 
dividing the molecular weight, if known, by 28*8. • So that water 
vapour, 1 6 -}- 2 = 18, and ammonia, 14 + 3 = 17, are lighter and carbon 
dioxide, 12*+ 16 -f 10 = 44, heavier than air. 

* Taken in conjunction with the metrical system of weights and 
measures, a chemical equation can be at once read in weight and in 
volume of those products which happen to he gases. For instance, in 
the pi’oduction of carbon dioxide from chalk and an acid the ecfUation 
as written gives weights : 

OaCOg + 2HC1 = CO, + H,0 + CaCl,. 

100 73 44 18 111 “ 

If these be assumed to be grams, the 44 of CO, occupy a volume of 
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22,400 c.c. Supposing the chalk to have a specific gravity of 2, the 
100 grms. would occupy 50 c.c. The on liberation from* its 
union with the calcium oxide, OaO, assumes more than 400 times 
its volum^p in the combined state. In the production of hydrogen 
from zinc and sulphuric acid, Zn + H^SOj— ZnSOj+ H.„ the 

65 + 98 = 161 + 2 grins. 

2 grnis. of hydrogen ~ 22,400 c.c. and the 65 of zinc about 8 c.c., 
and th^ sulphuric acid from which the hydrogen comes about 54 c.c. 
The change in volume is therefore almost the same. 



CHAPTER V. 


SULPHCm. 

SuLPPiUK is an elementary substance, and is found in some volcanic 
districts in a free state — that is, uncombined, as are nitrogen and 
oxygen in the atmosphere. 

Enormous quantities exist in combination with some metals as 
sulphides and also as sulphates. 

The element is a pale yellow solid, and can be obtained as “ roil 
sulphur ” or in irregular crystalline masses or in powder 
form, called “ dowers of sulphur or ‘‘ dour of sulphur.” 

It is an exceedingly brittle substance which can be 
•very easily powdered. 


Heat a small quantity in a dry test-tube very slowly 
over a dame. It will melt into a pale yellow liquid, 
which does not wet the glass. 

The solidifying-point temperature should be taken 
by stirring the melted sulphur with a thermometer 
until it sets. The temperature will be close upon 115° 

The melting-point can then be taken as indicated 
in Eig. 35. 

Melting-point tubes are made by softening the 
middle of a small test-tube in the blowpipe dame and 
drawing out the glass to a long piece of dne tube of 
about 1 mm. diameter. Pieces of this about 8 cm. 
long have one end melted up. . A very small piecp of 
the solid is introduced (a piece the size of an ordinary 
pinhead is quite large enough), and the tube then pio. 35. 
attached, by means of a small india-rubber ring cut 
* from a piece of ordinary rubber tubing by means of a s4arp pair 
of scissors, close to the bulb of the thermometer. The liquid, is 
slowly heated, and the temperature read off at the moment the 
substance melts. 

The sulphur in the test-tube, on cooling down from its melti»g- * 
point, will crystallise to a pale yellow confused mass clinging around 
the thermometer. Melt this sulphur again, and continue the 
heating after it is melted. It will become darker in colour as it 

4 : 
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gets hotter, and at a certain temperature, which should be noted, it 
will become thick and viscid. Allow to cool again, remove -the 
thermometer whilst the substance is Ruid, and th^n heat again until 
it fairly boils in the tube. Vapour will be freely given off, which 
may take 'fire at the mouth of the tube. (The temperature is too high 
for an ordinary thermometer; it is 440° 0.) Now pour out into 
cold water. The sudden chilling will cause the sulphur to assume a 
“ modified ” form (see “ Ozone ”). The chilled sulphur can be stretched 
and extended almost like india-rubber. It is one of several ‘‘ allo- 
tropic ” forms into which sulphur easily passes under certain physical 
treatment. This form is, unfortunately, not permanent, but gradually 
reassumes the brittle character. 

Sulphur is quite insoluble in water. This can be proved by « 
boiling a few grams in water, dr^dng, and weighing again. Some 
other liquids, especially some oils, dissolve sulphur — notably tur- 
pentine and carbon bisulphide (the latter is a very poisonous sub- 
stance). Boil a small piece of sulphur in about 10 c.c. of turpentine ; 
pour into a dish. On cooling crystals will form. 

Melt about 200 grms. sulphur in a dish. Allow to cool until a 
crust just forms on the surface. Break two holes through the crust 
and pour the liquid part out carefully. The cavity will be found 
full of crystals. From a chemical point of view, sulphur in many 
respects resembles oxygen. This is especially the case as regards the 
ease with which it combines with metals. • • 

Silver, which will not rust or uj^ite with oxygen under any 
ordinary circumstances, will burn quite well in sulphur vapour. 
Heat a small piece of silver in a test-tube or a small porcelain 
crucible as strongly as possible, and then drop in a smalUr piece of 
sulphur. The sulphur will vapourise almost immediately, and the 
metal will then burn or glow, forming a sulphide, which melts by the 
heat of the reaction. 

Perform a similar experiment with the metals copper, mercury, and 
lead. The action will be found to be almost as energetic as with 
silver. Zinc and aluminium can scarcely be heated to a sufficiently 
high temperature in a test-tube to start the action, but at a very 
high temperature they also combine with sulphur. 

A strong solution of sodium hydroxide or a mixture of slaked 
lime and water (calcium hydroxide), when heated with powdered 
sulphur, form yellow solutions which contain some sulphides of those 
metals. 

All these compounds are sulphides. As a rule, they^are crystalline 
and generally brittle solids, and quite unlike either sulphur or the 
ineHl. Pome of them are quite easily attacked by acids, and they 
all change when heated in contact with air. 

The^result of the acid attack on the sulphides is generally the 
formation of sulphuretted hydrogen, or hydrogen sulphide, as one 
"product. 

This is analogous to the action of acids on metallic oxides, where 
water is one product. The actions can be shown, and compai’ed, 

, by symbols thus : CuO + = H^O -h OuSO^ ; FeS 4- HgSO, === 11.^8 



+ FeSOj, (fee. Hydrogen sulphide happens to be a gas at ordinary 
tem|)eratures, whilst hydrogen oxide is a liquid. Otherwise there 
are many analogies*between the two. 

Sulphur burns when heated in air to some temperature above 
its melting-point. When very carefully heated it may be e'^aporated 
without taking fire. The flame of sulphur in air is pale blue, and 
white smoke is generally formed. In oxygen the fiame is more 
violet than blue. 

A piece of moistened blue litmus paper held over the flame 
will become reddened. The choking fume given off is an oxide of 
sulphur. This oxide consists of equal weights of sulphur and oxygen. 
It is the main pi*oduct of the burning of sulphur either in air or 
oyxgen. It is known as sulphur dioxide (SO^). It has the same 
volume as the oxygen or air employed in its formation. 

Place several small pieces of sulphur in a small dry flask with 
cork and tube ( Fig. 3G) . The tube should dip two or three centimetres 



under mercury. Bring a red-hot wire in contact with the sulphur 
to ignite it, and quickly replace the cork and tube. The pressure of 
mercury must be enough to prevent escape of gas during the burn- 
ing. After cooling down the mercury will rise but a centimetre or 
so above the level in the cop, showing, roughly, th^t the volume is 
not altered. 

Sulphur dioxide sufficiently good for the following experimemts 
can be made by burning some sulphur in- a large flask full of oxygen 
(or even air). Cover the bottom of a flask wuth coarse sand, fill with 
oxygen gas, cover the mouth with a w’atch glass. ISow melt and set 
fire to a few grams of sulphur in a small dish, and pour some of the 
burning sqlphur into the flask and again close with the watch glass. 

, The flame will be brighter in oxygen than in air. It will finally die 
out. After standing for a short time the fumes of ^apori#ed 
sulphur will settle. The sulphur dioxide is a much heavier gas 
than air, and can be poured out or decanted into several tesfctubes, 
and each then treated as follows ; “ ^ ^ 

I. Introduce a strip of moistened blue litmus paper. It will*be * 

reddened; .# 

II, A burning taper will be extinguished, and the gas itselr 

will not inflame. 
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III. A piece of burning magnesium ribbon will continue to burn, 

and some sulphur may be liberated. ^ 

IV. A few drops of potassium permanganate solution on a rod or 
a piece of paper coloured by the same will be decolourised by the gas. 

Y. Invert a tube of the gas in a basin of cold water. The gas 
will dissolve and water rise in the tube. This water will redden 
blue litmus. It is sulphurous acid, produced by the union of 

the gas with water. 

VI. Drop a very small quantity of red-lead into a tube of the 
gas and warm gently. It will be changed into a white substance — 
lead sulphate, PbSO^, 

Sulphur dioxide oxidises somewhat easily either in solution in 
water or as a gas in a moist state. The end result of its oxidation 
is sulphuric acid or a sulphate, but the next stage of oxidation may 
be obtained by heating the sulphur dioxide with oxygen gas. 

VII. Make a little coil of platinum or iron wire red hot and 
hold in the open end of a tube or flask containing sulphur dioxide. 
White fumes will form at the junction of air and the gas. These 
fumes are SO 3 — sulphur trioxide. They will absorb and combine 
with the atmospheric moisture, forming sulphuric acid, 11^,80. j. Put 
one drop of water on a strip of white paper and hold in the fumes. 
Then dry the paper carefully. It will char, or become black, where 
it was moistened. 

The platinum or iron in the above experiment are called catalytic'' 
or contact agents. SO^ combines very slowly with oxygen under 
ordinary temperature conditions. The presence of some materials 
assists this combination, whilst not themselves undergoing alteration. 

8 O 3 is a crystalline, volatile solid which combines very ener- 
getically with water, producing much heat in the process. 

FORMATION OF A SULPHATE. — Melt a few grams of potassium 
nitrate (nitre) in a porcelain dish and add small pieces of sulphur. 

A violent combustion will take place. Nitrogen and some red fuuTes 
of oxides of nitrogen will be given ofl’, and, if too much sulphur be 
not used, the gi’eater part of the product will be potassium sulphate. 
When cold the melted mass should be dissolved in the least possible 
quantity of boiling water. On cooling, this solution will give 
crystals of the sulphate. 

Metallic sulphides may be similarly oxidised by melted nitx’o. 
One pi'oduct will be potassium sulphate, and the other, in most cases, 
an oxide of the metah Pound up a few grams of copper, ii;on, or lead 
sulphide,. and fuse with nitre in a dish as above. After cooling wash , 
out;,as befere with hot water. The liquid will require Altering, and 
on the filter paper will be found an oxide of the metal. If minornls 
are used they must be finely powdered, and not more than one or 
two grams taken to about five or six of nitre. 

SULPHURIC ACID can easily^be made on the small scale. Tech- 
nically, two processes are in use. In one nitric acid or oxides of 
yiqitrogen are the oxidising agents, converting in the presence of 
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air and water into the acid. In the other SO^ iy made to combine 
witfi atmospheric oxygen by the influence t)f a contact material, 
either platinum or &ome forms of iron oxide or silicate. 

A very small quantity — 1 or 2 c.c. — of sulphuric acid may be 
made by filling, say, a litre flask with SO^ and then adding about 2 c.c. 
of very strong nitric acid. The flask may be covered with a watch 
glass and left some hours. The fumes and coloured gases will slowly 
disappear, and the fiask may then be washed out with a few c.c. onh/ of 
water, which is then carefully boiled down in a small flask until 
white fumes begin to come off*. On cooling, a few drops of oily 
liquid — sulphuric acid — will be left. 

Sulphuric Aeil by Electrolysis of a Sulphate. 

Make in a dish or beaker a strong solution of copper sulphate 
in warm water. Place in this strips of platinum foil or rods or 
plates of battery or gas carbon to act as electrodes, and lead in a 
current from two or three storage cells. Metallic copper will be 
deposited on one plate and oxygen given oft* at the other. The 
liquid will finally become colourless. Pour oft' the clear liquid, and 
evaporate, as in the previous experiment, in a flask or dish. Other 
methods are to oxidise SO^ by the action of bromine or iodine and 
water. Bromine or iodine are placed under water in a large flask 
and SO3 gas passed in. The reaction SO.^ + Br.^ + -OH^; = 2HBr 
+ fakes place. On heating, the HBr is driven oft* and the 

acid in solution can be concentrated by evaporation. The process 
7 }i 7 tst be conducted under a draught arrangement. Weak solutions 
of sulphuric acid on evapoi’ating or boiling down lose water and leave 
a strong acid. 
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QUANTITATIVE EXEKCISEB. 

In a previous chapter (Chapter III.) atomic and combining weights 
have been spoken of in connection with hydrogen and water. 

Some of the following experiments should be perfoi^med as early 
as possible after the introductory chapter. 

Relative Combining Weights, and Formulae from Percentage 
Composition. 

Atomic and combining weights of the elements are in some 
cases identical values, as, for instance, with chlorine and hydrogen. 
With oxygen and hydrogen the atomic weights are as Ih to 1, and 
the combining or equivalent weights as 8 to 1. Few metallic sub- 
stances combine directly with hydrogeif, whilst many combine most 
readily with oxygen or sulphur, or chlorine, or iodine, and these in 
turn combine easily with hydrogen, so that indirectly the combining 
weights may be obtained as compared to H as unity. 

As easy practical examples, the combinations of copper, silver, 
lead, and iron with oxygen or sulphur or halogens may be first taken! 


Metals and Oxygen^ Stdgjhur or Chlorine. • 

LEAD AND OXYGEN .—Clean, dry, and bend a piece of hard glass 
tube to the form of Fig. 37,* and then weigh it. Insert a small piece 
of pme lead — 1 to 2 grms. is qicite enough— weigh again, support 
the tube conveniently, and heat until the lead melts in the bend. 
The natural draught of air through the tube will eventually oxidise 
the metal, but it<is better to blow, very gently, a stream of oxygen 
from an oxygen cylinder, or any source, just into the short end of 
the tube. The lead will glow and burn, and if the admission of 
oxygen be not regulated the oxide of lead, in forming, will become 
very'fhot ^d melt through the glass. The lead oxide formed is 
quite transparent when fluid, so that it is easily seen when all the 

* This'^form of tube serves to he.afc up a weighed amount of some metallio 
SAilphule, as PbS or AgoS, which is then heated in the slow current of air 
. caused in the tube by natural draught. In this case a certain amount of 
sidphate is produced. The experiment should he done with silver sulphide, 

. ; wnloh forms almost the theoretical amount of sulphate, and with lead sul- 
; ? whje^ scarcely forms half the theoretical, ^ ^ 
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metal has been combined. The tube should be cooled slowly by 
laying it on some asbestos wool. • 


Example (actual). 

Tube . 

4- lead 

After oxidation . 


19*57G8\ 
10-9180J 
19-9444^ 
19-5768 j 


•3412 metal 
•3076 


•3412 gi-m. of lead has therefore taken up -0204 grin, of oxygen in 

forming an oxide, which contains = 7*18 per cent, of 

•3076 

oxygen and 92*82 per cent. lead. 



Fiu. .37. 


Dividing the percentages found of each element by the respective 
7-18 

atomic weights, = *448, = *447 : these figures are practically 

16 207 


as 1 to 1. Or, in another way, the amount of oxygen, *026^:, talaen up 
by the ‘3412 of lead is in the proportion of 15*8 to 205 (nearly). 

The combining weight of lead, according to the standard of 
oxygen being 16, is therefore about 206. (The most recently obtained 
values are given in Table I., and the ordinarily used value is 2 ^ 7 .) * 


SILVER AND SULPHUR. — Clean and weigh a small pofcelain 
crucible, with its lid. Place a small piece of silver, in thin sheet or 
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foi], in the crucible and weigh again. The quantity need not exceed 
grms. and may be a!?* little as ‘2 grm. ^ 

Place the crucible with silver on a pipe-stem triangle on a tripod 
and heat with a clear Bunsen flame nearly to redness. Lift the lid and 
drop in ar small piece of clean roll sulphur and replace lid There is 
no object in weighing the sulphur— the quantity used must be a 
little more than the silver taken. As the two combine the tempera- 
ture inside the crucible will be seen to rise. The materials will Mow 
Sulphur vapour will escape and burn around the edges of the lid' 
Continue the heating until these fumes cease. Lift the lid and repeat 
the treatment with sulphur. Finally cool and weigh. There should 
lie an increase in weight. The lid must be kept on until the crucible 

cryShne ^ 


Example. 

Porcelain crucible 

jj 4- A.^ 

After heating with sulphur 


ic-osS} 


lG-15221 

15*40GG/ silver sulphide. 


formed contains, therefore, -7462 
■\r -f sulphur, or 12'88 per cent., and silver 87’ 12. 

.to.Se w4hi,‘’rir^“ “ 

S per cent. 12-88 

32 = *4 or 1 


Ag per cent. 87*12 
108 


= *0 or 


±uo 

in relative number of atoms of the substances 

in the compound, and it is for this reason sulphide of silver is fo*.- 
mulated as Ag,S. (See “Atomic Weights.”) 

SULPHUR. — This operation is somewhat less 
easy than the former. The temperature must be higher and air 

kZ sr/e^ Otl^erwise the p’rSed.me 

fhoQo nY^ ' + <2ompoundsof sulphur and copper are known Of 

mort° iffiS ^ f experiment with lead is still 
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Example. 

* Crucible 

+ leud. 

After heating + sulphur 


2^*45101 
2T8040 / 
25-0220'| 
23-4510 / 


1*353 

ro7J 


The lead sulphide formed contains 13*87 per cent, of sulphur, and 
therefore 8G"13 of leach 


S 


13*87 

b2 


•433 


Pb 


8G-I3 

20G-4 


•417 


— nearly 1 ; 1 , as represented by PbS. 

Other metals — for instance, tin — may be tried in a similar manner, 
when it will be found that each requires some particular care as to 
temperature, to avoid loss by vaporisation, &c. 

The elements chlorine (bromine), iodine easily form compounds 
with metals, and as a rule compounds of a relatively simple type not 
readily decomposed on contact with air or water. They are conse- 
quently well adapted for experiments on combining weights. 


•Example. - 

SILVER AND IODINE OR CHLORINE. lodme.-^Weigh as 
before in a porcelain crucible about *2 to *5 grm. pure silver. Heat 
strongly over a clear Bunsen flame ; then drop in a few crystals of 
iodine, quickly covering the crucible with the lid. The silver will 
glow and the product melt into a brown liquid. The temperature 
must be kept up for a little time and several additions of iodine made. 
The melted iodide in the crucible will be seen to pale considerably as 
it cools, and when solid and cold is a pale yellow crystalline substance, 
^r has no effect on the compound even at a red heat. 

The experiment requires a little care. The silvej; should be in thin 
pieces or fine wire, and the temperature as high as the Bunsen flame 
will make it before the iodine is added. • 

Iodine is very volatile, and the excess very readily passes away. 
Using the (rounded) atomic weights, it may be stated that the 
silver and iodine in this compound are to each othey as 108 to 127, or 
atom to atom, as represented by the formula Agl. 

Chlorine . — -This operation, on account of the gaseous and dis- 
agreeable character of the chlorine, requires a little more elaboration. 

A hard glass tube of 1 cm. diameter and 10 cm. (or dj^ins.) <4ong 
is cleaned, dried, and weighed, and the silver, in thin pieces or wire, 
placed about the middle and the tube and metal again yveighed. 
The tube is then supported, and the part around the metal strongly 
heated. * 

Chlorine gas is then generated in a flask, such as a distillatioq flask 
with a side tube, from a few grams of potassium permanganate and 
strong hydrochloric acid,, and allowed to pass over the silver until 
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the whole melts down to a clear liquid, no more metal being visible. 
It is then cooled and iveighed again. The actual^operation takes''but 
a few minutes if the stream of chlorine is moderately strong, but some 
arrangement must be made to absorb or remove the excess of chlorine 
unless thTe experiment be done under a well-ventilated fume closet 
The form of tube used for oxidising lead (Fig. 37) will also answer 
to hold the metal. 

This experiment may also be performed in a porcelain crucible if 
there be a good supply of chlorine, the lid of the crucible being 
Slightly lifted to allow the tube leading the chlorine to enter whilst 
the crucible is being strongly heated. 


Interchange, or Equivalent 

Many of the chemical actions and processes connected with 
manufactures, &e., are of this type — that is, elementary substances 
acting on a compound or compounds undergoing interchange or 
redistribution of elements. o => e, 

Silver forms a nitrate of the composition AgNOg. This on contact 
witn a chloride gives a chloride of silver as one product, which on 
account of its stability may be easily isolated or retained and the 
other products removed. For instance, silver nitrate and ammonium 
chloride when heated together give silver chloride, a stable substance 
under a wide range of temperature, and ammonium nitrate, which ' 
easily undergoes internal change andr resolution into simpler sub- 
stances, such as water and nitrogen. 

A *he change expressed by AgNOi+ NH,01 = 

AgCl + NH^NOj takes place, but when they are heated together all 
excepting the silver chloride is volatilised. 

Weigh a por^lain crucible alone and then with a few crystals of 
silver nitrate. Cover these crystals with about twice their bulk of 
ammonium chloride. Heat the crucible, at first gently and then more 
strongly over a Bunsen flame until all fumes cease to appear and the 
product has melted into a cleai* mass. 

Example (actual). 

Crucible • . . . . 

„ + silver nitrate 

After heatingjwith ammonium chloride 


•51G5 AgCl 


18-0600i 
18-6772| 

18-f)7G5) 

18-OGOO/ 

The change from silver nitrate = 170 to silver chloride 
demands *§232 chbride from ■G172 silver nitrate, so that in this 

or about -1 per cent. loss. 

inis^kind of action takes place in many other ca.ses besides the 

sivr.T,- ■ iili: 

crates by the action of nitric acid on the metal or oxide and Ihpn 
convert a wemhed quantity into the chloride ^ 112 ^^. wiS 
^momum cWoride (which reacts in most cases). Where the chloride 
»,Mrv volatUe the method is inapplicable. chloride 
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Calcium or lead or copper will give good results, and moderate 
temperatures only are required. ♦ 

Most nitrates alg^ decompose and leave oxides on heating. Several 
nitrates, as those of lead, copper, should be made, and weighedquan- 
tities heated to redness and the resulting oxides weighed. ^ 

An easy exercise on the equivalence between oxygen and chlorine 
or chlorine and sulphuric acid is to weigh a few grams of copper, 
dissolve in dilute nitric acid, evaporate the solution to dryness, and 
ignite carefully. The oxide CuO is left. After w^eigbing, the oxide 
is dissolved in strong hydrochloric acid, which in turn is evaporated 
carefully to complete dryness and again weighed. This will give the 
equivalence of Ol^ to 0. The chloride is now moistened with a little 
strong sulphuric acid, and again evaporated until all fume of hydro- 
chloric and sulphuric acids ceases. The substance will no’vv be the 
dry copper sulphate CuSO.^. It should be nearly white. The 
copper chloride may also be converted into sulphate by heating 
with ammonium sulphate, but the operation requires considerable 
care. 

Examples of Expulsion of an Element or Group of Elements. 

Many cr 3 ^stalline salts contain water. This "water is in many 
cases expelled by heating the salt to or a little above the boiling- 
point of water. Sometimes a red heat is necessary to expel the whole 
*of the wat^r. Tins high temperature can, however, only be applied 
in some cases where no furthqp decomposition takes place excepting 
the crystal water. As an example of this, sodium phosphate, or borax 
(BjOyNa^ + 1 2 H 2 O), or sodium sulphate may be taken. Weigh about 
•5 to 2*0 grms. of the salt in a small dish or crucible, heat for some 
time in a hot-air oven, and finally over the blowpipe to complete 
fusion. Care must be taken during the beating that the substance 
does not spirt. The first part of the drying should always be done 
in the hot-water or steam oven. The dish and substance is finally 
pliiced in a desiccator to cool before weighing. The heating must 
be repeated until the weight becomes constant, ^ 

It will be found an advantage if the student prepares for himself 
a number of salts with water of crystallisation — or constitution, a^s it 
is termed in some cases — and determines this "water by heating up to 
different temperatures in an air bath. 

Copper sulphate may be made by dissolving the oxide in hot dilute 
sulphuric acid, or the metal in strong hot acid — in the latter case 
taldng eqijal weights of copper and acid in a flask of about half a litre 
capacity, the copper being in turnings or thin pieces. 

Fumes of sulphur dioxide and sulphuric acid are evolv^, so^hat 
a draught closet is necessary. 

The reaction may be expressed 

Cu -f 2H,SO, = OuSO, + 2H,0 -I- SO,, 

A powder of indeterminate colour will form as the metal ^dis-^ 
solves. After cowi'pl&tQly cooling water is to be added and the contents 
of the flask heated to boiling, filtei'ed, and whilst cooling be stirred 
so that small erj’stals form. These are to be pump-filtered off and 
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recrystallised in a similar manner. The crystals are then drained and 
dried by pressing, noPo^uhhing, between clean filter paper. 

Purchased copper sulphate, or any other salt, Should be purified in 
a similar manner by recrystallisation. 

As traces of iron are not so easy to get rid of, the process of solu- 
tion and cr 3 ^stallising should be repeated at least three times, com- 
mencing with 40 or 50 grms. of the pure commercial salt. When 
pressing between filter papers do not ruh. The crystals must be ob- 
tained dry by this means only. They are liable to lose some crystal 
water on exposure in a warm place, and must not be placed in a 
desiccator. 


Example. 

Crystallised copper sulphate. 

Crucible ...... 

,, -hsalt . . . . , 

After heating one hour at 100''" C. 

= 28*90 per cent, loss. 
Again heated to about 240° 

= 7*32 per cent. loss. 


15-4775 
18-8G70 ) 
17-8879|f 

17-0397] 


j 3-3904 
■^0-9800 
0-2482 


Total loss = 36*22 per cent. 

Calculated for CuSO^, SHgO. Crystal water = 36*14 per cent. 

(See later.) 

Nitrates, chlorates, carbonates, and other salts, when heated alone 
to a moderately high temperature, undergo decomposition of a more 
or less complex nature. In some cases it is within certain ranges of 
temperature, quite sharp and definite, admitting of employment as 
an exercise. 


POTASSIUM CHLORATE when moderately highly heated loses ail 
its oxygen, becoming KCl. 

As a quantitative experiment this can be performed in a weighed 
test-tube if only a small quantity of the salt be taken, say *2 to *5 
grm. Weigh the clean dry test-tube, introduce the dry salt in fine 
powder, weigh again. Then heat very gently until the whole of the 
salt is melted ; keep melted for some time, veiy gradually increasing 
the temperature-so that the oxygen does not come ofi* too rapidly. 
The tube is best inclined, or a watch glass placed with convex side 
down, on the tube. With a little care there will be no loss from 
spirting. Weigh immediately after cooling in a desiccator, as the KCl ^ 
absorbs moisture somewhat rapidly. A little tuft of asbestos wool 
placed in the middle of the test-tube, and weighed as part of the tube 
before putting in the salt, will effectually stop loss by the spirting of 
salt. 


CALCIUM CARBONATE (OaCOg). — Weigh out in a platinum or 
pordblain crucible about .5 to 1*0 grm. pui-e Iceland or calc spar. 
.eat^Qver the blowpipe as strongly as possible for thirty minutes. 




61 


Quantitative exercises. 

OooL and weigh again. Repeat the heating and weighing nnti] a 
constant weight is obtained. • 

The loss in weight should be close upon per cent. For 

CaC 03 -Ca 0 + C0,. 

100 56 44' ^ ^ S . 

A little pure cane sugar, which need not be weighed, placed in 
the crucible, assists in liberation of the CO.,. The crucible must, 
however, be left partly open, to burn off any carbon from tho 
sugar. 

Many other carbonates, as those of copper, lead, manganese, &c., 
easily lose carbon dioxide when heated. 

Alkali carbonates heated alone do not giv^e off' the "whole of the 
CO9, but when heated with acids, or acid salts, the 00^ is expelled. 


SODIUM OR POTASSIUM CARBONATE, and an acid salt. — 

Weigh about *5 grm. of dried sodium carbonate into a moderate sized 
crucible. Cover it with at least five times as much potassium di- 
chromate that has been melted and then pounded up finely. Weigh 
again. The difference gives amount of sodium carbonate and 
potassium dichromate. Now heat gently over a Bunsen burner 
until the whole is in quiet fusion. Continue the heating for fully 
. tw^enty minutes ; cool and weigh. Heat again fora few minutes care- 
fully over the blowpipe. The weight should be constant. 

* The reatjtion taking place, if the temperature has not been too 


high, is- 


K,Cr,0, + Na,C03 = CO, + 


Silica, SiOj, may be used for this experiment, instead of dichro- 
mate, if it can be obtained in a fine powder. 

The process is then similar — viz., weigh the crucible and SiO, 
taking a considerable excess of SiOj. Then add and weigh about -5 
g«n. of the carbonate. Mix caref ally by means of a platinum wire in 
the crucible, place on the lid and he.at, gently at first, finally over the 
blowpipe flame as high as possible for twenty minutes. The loss of 
weight should be CO^ only, according to the equation : KoCOj + SiO, 
= K.Si03 + 00.,. A gas-heated muffle is somewhat better for many 
of these experiments than a blowpipe flame. 

Nitrates when heated alone are either decomposed into oxides of 
nitrogen and a metallic oxide or in some cases free nitrogen and 
oxygSi ar.e given off. When heated with sulphuric acid sulphates 
are formed, and with silica silicates. 

The alkali niti-ates are easily decomposed by heating with silica. 
Weigh out in a crucible about 6 grms. of fine sand (as with the car- 
bonates), then mi.x with this, by means of a wii'e, about -5 grm. of 
potassium nitrate; weigh, and then beat in the covered crucible very 
carefully to redness. Keep red hot for fifteen or twenty minut es,^and-. 
then heat a little stronger over the blowpipe for a few minutes only. 

Si 

4(KNO,,) -h 2SiOo = 2Ki!Sit\-l- 2N2 + 50... 
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Example (actual). 

Potassium nitrate ?ind silica. 

Crucible and sand, SiO., . . . :j1‘4o()2 

, „ +KNO 3 ; . . . 

Nitrate taken ..... 0-9172 

Weight after heating . 31*8015 

Loss .... '4019 


Loss per cent. = 53*52 -= all the nitrogen and five-sixths of the 
oxygen. 

According to the equation 4 (IvN 03 ) + 2 Si 02 = T\ 2 »Si 0.5 + 2 N 2 + 502, 
the loss in weight should be 53 '40 per cent. 

Nitrates, carbonates, haloid salts, &c., are all easily decomposed 
by strong hot sulphuric acid, and as sulphates are, as a rule, very 



stable against a high temperature, many examples of displacement 
may be studied. They require, however, somewhat more care with 
sulphuric acid than with SiO^ and similar non-volatile agents. 

CHLORINE in common salt, IODINE in potassium iodide, or 
NgO^ in niti’e, can all be expelled by heating with strong H^SO^ in 
slight excess. Similarly with a lai-ge number of salts of other metals. 
A platinum crucible is most convenient for this, but with care it may 
be performed equally well in an ordinary porcelain one. Wei^h a 
crucible, place in it a small quantity of the salt, and weigh again. If 
tlie cguantity taken is more than 1 grm. throw some out ; if under '5 
a little more may be taken. After one or two trials the amount taken 
will approximate to 1 grm. Arrange the crucible on a triano-le 
as in Fig. 38, and wedge the lid edgewise in the opening. Dinp 
gently uot more than ten drops of concentrated sulphuric acid into 
the crucible, wait until the effervescence has almost ceased, then place 
a verf small flame under the protruding part of lid, so that a drauoht 
of heated gases flows over the contents of the crucible. The eva- 
poration of the excess of sulphuric and of the volatile acid liberated 
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takes place gradually and without spirting. When the contents of 
the c]<»ucible appear quite dry turn up a larger %ime, and finally heat 
quickly to reduess. #11 is generally necessary and always advisable 
to add an additional quantity of the acid and ti'eat as before, in order 
to be sure that all is converged into the sulphate. ^ 

This action of sulphuric acid can be studied in connection with — 

AN INVESTIGATION OF COMMON SALT.—Ordinary common 
salt is not quite pure. It is soluble in cold water, and slightly more 
so in boiling water. 

Dissolve as much salt as possible in about a litre of boiling water. 
Filter the liquid whilst boiling hot, cool rapidly by immersing the 
beaker in cold %vater, and stir vigorously so that the crystals formed 
will be small. They then can be filtered off, preferably on a pump 
filter, and most of the impurities remaining in solution can be drained 
off. (It is somewhat better to add a little concentrated hydrochloric 
acid to the hot salt solution or lead in gaseous hydrochloric acid. 
More salt will then crystallise out, and ordinary impurities are better 
held in solution.) 

The salt crystals may be dried and then melted by heating, in a 
crucible, either over a good Bunsen flame or in an ordinary fire. The 
substance crystallises as it sets and slowly falls in pieces in cooling. 
If melted and poured into a mould an idea of the change of volume 
t)n solidification may be obtained. 

The specific gravity of a saturated solution of the purified salt 
should be taken at some definife temperature, say 15° C., and com- 
pared with pure water at the same temperature. The saturated 
solution is easiest made by allowing a considerable quantity of salt 
to stand, with less than sufiicient water to dissolve it, over night, 
or shake it frequently during a few hours. A Sprengel tube is most 
convenient for the sp, gr. determination, but the usual sp. gr. bottle 
may be employed ; also a few (20 or 50) cubic centimetres may be 
m^sured out into a weighed flask and the vreight compared with 
that of the same volume of water at the same temperature. 

A small quantity (see above) of the fused salt should be weighed 
for treatment with sulphuric acid. 

The substance finally left in the crucible is sodium sulphate, ahd 
the values obtained should agree substantially with the equation 
2NaCl + Il 2 S 04 = lSra 2 S 0 ^-h 2HC1 ; that is, the amount of salt taken 
and the amount of sodium sulphate obtained should ^e as 117 to 142. 
Retain this for further investigation. 

A larger quantity of salt may then be used for the formation of 
hydrochloric acid gas (see later). The residue is sodium hydrogen 
sulphate — an acid salt. It dissolves in boiling water pretfy fr^ly, 
and on cooling and stirring the solution crystals consisting of NaHSO^ 
are obtained. The reaction at the temperatures employable in 
glass vessels is NaCl + H^SO, = NaHSO^ -i- HCl. 

Chlorine in Salt by Precipitation with Silver Nitrate. 

Place a few grams of the pure salt in a small tube or weighing 
bottle, Weigh this, then shake out carefully not more than *5 grm. 
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into a beaker and weigh the bottle again. Dissolve the weighed 
salt in about 25 c.c. chot water with 1 c.c. of dilute nitinc acid;Aieat 
until boiling, and add slowly a solution of silver nitrate until the white 
precipitate ceases to form. Then add a couple of c.c. moi’e silver 
nitrate solution. (This addition is known as an “ excess,’^ and is to 
make quite sure that the reaction is completed.) 

Keep warm, but not exactly boiling, for a few minutes, during 
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wKch a filter paper (either plain or folded) is got ready — viz,, placed 
in the funnel and wetted with hot water. 

The folded or plaited filter papens may be employed for this work, 
as with care they filter more rapidly than the ordinaiy method of 
folding and with equal certainty of securing the whole of the pre- 
cipitate on the paper. The paper must sit well within '‘the glass 
funnel. 

The f;^*ecipitate settles rapidly. Pour off the liquid above the 
precipitate into 'the filter. To do this properly and safely, because 
ALL must go through, requires that the liquid should be poured 
from the beaker down a glass lod, which should be held in the 
leftHiand with one end over and well towards bub not touching 
the centre of the paper funnel or cone, and inclined at an amde 
(see Fig. 80). ° 
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Every visible particle of the precipitate must be detached from 
the Beaker and washed by a fine jet of water, frcftn the wash-bottle/' 
into the filter. The precipitate must then be washed by poiixang hot 
water five or six times over the precipitate and allowing to drain 
away between each addition. It is scarcely necessary to say 'that the 
filtrates must in all cases be ahsohttely crystal clear and all the pre- 
cipitate be retained by the paper. 

The test for complete washing is when a few drops of the wash- 
water give no appreciable residue when evaporated on a piece of 
glass, or a porcelain dish. 

The precipitate may now be dried by placing the glass funnel 
and filter in a drying oven, or in a dry clean place if time be no 
object. 

JSome precipitates do not need to be dried in the paper, but may 
be heated up or burnt with the filter paper (see later), where this 
treatment has no decomposing effect. 

The drying can sometimes be much facilitated by a final washing 
with warm methylated spirit. If the washing has been complete, 
the precipitate will detach almost completely from the paper when 
dry. Weigh a 'porcelain crucible during the drying of the precipi- 
tate. Spread a piece of clean writing-paper; on this place the 
weighed crucible ; detach, by gently rubbing the paper together, the 
j)recipitate from the paper, dropping it into the crucible. Sweep 
any particle^ falling on the writing-paper into the crucible with a 
small dry cameFs-hair brush, oj? a quill feather. This needs care, and 
nothing else should be thought about whilst doing it; as all the 
particles from the paper must come into the crucible. 

The paper, from which nearly all the precipitate has been re- 
moved, must now be burnt in such manner that all the ash and any 
adhering precipitate are collected. Have the paper folded so as to 
form a semicircle, and double, of course. Then fold up into a strip 
about a centimetre, or inch, wide. Now start at. one end, and 
roM up tightly into a coil, and around this wind several folds of 
platinum wire. 

Hold over the crucible, or, better, invert the lid over the crucible, 
and hold the paper over this, and start burning by bringing a Bunsen 
flame to it as it is held. The paper will burn first with flame, and 
then smoulder until all the black carbon is consumed, and a greyish 
ash remains of the same shape, but much smaller ijaan the original 
roll of paper. (See Fig. 40.) All the carbon of the paper must be 
consumed. , At this stage it should be dropped into the crucible 
, itself. (For oidinary accurate work, the amount of ash given by any 
sample of filtering, paper must be ascertained,^) c c 

Ash in Filter Papers.---'XhQ mineral matters in ash of filter papers is an 
almost constant quantity, and is generally ascertained once for all when com- 
mencing to use filter paper for quantitative purposes. 

The best plan is to take several — half a dozen — filter papers, place thei^ in 
a weighed crucible, either porcelain or platinum, put on the lid, and heat up 
until combustible gases escape. When the gases cease to escape and fe^irn, 
but not before, take off the lid, and allow to smoulder away with the flame 
under, until every visible particle of charcoal h^-s disappeared. Close, cool. 
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The crucible, now containing the precipitate and what adhered to 
the paper, and the pS-per ash, is placed on the pipe-clay triangle and 
heated with the Bunsen flame to redness. In thiKS particular case it 
is necessary to make sure that the substance dealt with is all silver 
chloridd. The Alter paper holds a little, and during the burning 
this ona^ become silver. It can be converted into the chloride in 
several ways — by blowing a little chlorine gas into the crucible, or 
by putting one drop of nitric acid on the ash, allowing to stand for 
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live minutes, and then adding a very small quantity of ammonkun 
chloride before Jieating over the flame. 

The crucible and chloride is now weighed, and the amount of 
chlorine in the salt taken calculated from the formula AgOi==:108 
+ 35-5. 

and weigh. Divide the weight found by the number of filters taken, which 
gives the weight (nearly) of one filter. This weight is deducted from that of 
any precipitate which has been burnt with a filter paper, 

Example. 

^Platiijnm crucible and five filter papers. 

Crucible 20*1635 

Crucible and ash 20*1672 

•0037/5 

gives -0007 as the ash in a No.© Swedish paper. This is a small paper. The 
ash of the usual size to fill a 3-iiich diameter funnel weighs about *0046. 

filter papers must always he smdler, when folded, than the glass funnel, so 
that in washing the liquid can, if necessary, cover the top edge of the paper, 
’ and thus completely wash out any soluble salts. 
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The filtrate from the silver chloride contains sodium nitrate and 
the excess of silver nitrate added. It should be ail evaporated down 
in a poi’celain or nicTcel or iron dish. If when nearly dry some iron 
filings be added and the whole then dried and heated to redness, the 
nitrate will be decomposed and sodium oxide, or hydroxide, left. 
On treating with water this will dissolve and give a very alkaline 
solution. (See Alkali, Volumetric.”) 

(It is possible, with careful work, to obtain the whole of the 
sodium originally present in the common salt and measure its amount 
by “ standard ” sulphuric acid solution.) 

The sodium sulphate, as obtained by the action of sulphuric 
acid on salt, may now be examined. Place the crucible in a moderate- 
sized beaker (say oOO c.c. capacity), add about 50 c.c, hot water, boil, 
and filter into a similar clean beaker. Repeat the boiling with water 
at least three times, passing all the liquid through the same filter. The 
volume will now be 200-250 c.c. Heat to boiling, and add very 
slowly a solution of barium nitrate (or chloride) and maintain in 
ebullition for fifteen or twenty minutes. The addition of 1 c.c. dilute 
nitric (or hydrochloric) acid is desirable. A wdiite px*ecipitate of 
barium sulphate will form. This substance is quite insoluble in dilute 
acids and ordinary pure water. It is a very fine powder, and requires 
some care in filtering. It must be washed very thoroughly, wfith 
boiling water, out of the beaker on to the filter paper. 

To assist 'in detaching precipitates from the sides of beakers, <&c., a 
glass rod, over the end of wdiiiix a short piece of rubber tubing is 
tightly fixed, is very useful. 

Combined rubbing and the impact of the jet of water from the 
wash-fiask will detach most solids from the glass surfaces. 

If the washing be commenced with hot water it must be con- 
tinued with the same. Cold water after hot will often carry some 
.precipitate through owing to shrinkage of the paper fibre and 
enlargement of the pores. 

iffhe paper containing the barium sulphate may now be placed, 
carefully of course, in a weighed platinum or porcelacn crucible, and 
at once heated, either over a good Bunsen flame or in a muffle. The 
material of the paper will give off some inflammable gases and the 
adhering water will evaporate, but there will be no spirting if the 
heat be strong enough, as the water will assume the spheroidal 
state and quietly evaporate. The crucible may be closed with lid or 
not. After heating to full redness for twenty minutes the material in 
the crucible should be white. If black from the presence of charcoal 
^t must again be heated in air until white. As all sulphates suffer 
a decomposition when heated in contact with carbonaceous sut>stan6es 
a further precaution is necessary. To the contents of the crucible, 
after cooling, three or four drops of strong sulphuric acid are added, 
and the crucible, closed with its lid, again heated to i-edness, cooled, 
and weighed. * 

Assuming that the residue from heating salt with sulphimc 
acid was sodium sulphate, the reaction wfith the barium salt is 
shown by 
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Na^SOj + ISixN.O,, = BaSO., + 2(NaN('),). 

Baviuiti sulphate ^odinm nitrate 
(insoluble) (soluble) 

When sulphates, as this one of barium, are heated with eaihon the 
reaction BaSOj + 40 ==: 400 + BaS is possible at certain temperatures. 
This kind of action is known as '' reduction.'’ 

The sulphides produced are in some cases soluble in wuiter. They 
are all decomposed by sulphuric acid, a sulphate and sulpliide of 
hydrogen being produced. Thus, BaS 4- = BaSO^ + HpS. 

The reason for the addition of sulphuric 
acid to the barium sulphate in the experi- 
ment just mentioned will now be evident. ^ 
Although neither sodium nor chlorine 
have in these experiments been directly ob- 
tained from the salt, the compounds silver 
chloride and sodium sulphate indicate their 
presence. 

The most direct method of decomposi- 
tion of salt is by electrolysis of the melted 
substance. This can be done on a small 
scale sufficiently well to see but not to col- 
lect the products. 

Salt is melted in an ordinary smafl 
porcelain crijicible or dish (this requires a 
very good Bunsen burner or a gentle blow- ' 
pipe flame). It is not advisable to Uvse a 
platinum crucible. Attach pieces of very 
thin (round or square section) gas carbons 
by means of copper wire leads to the ter- 
minals of three or four cells (any kind, so 
that 4 to 8 volts are available). 

If gas carbon cannot be obtained ihin 
pieces of char-coal that has been soaked in salt solution and then 
dried will do. 

^ The carbons are fitted in the tubes, as in Fig. 41 . These tubes are 
the necks of broken distillation flasks. The side tubes serve the 
purpose of allowing the gas produced — in this case chlorine — to be 
smelt and tested with moistened litmus paper, which will be rapidly 
bleached. At the other terminal tiny globules of melted sodium 
will appear, and probably burn as soon as they come in contact with 
the air. * 

After running for a few minutes it may be possible to obtain an 
alkaline reaction, showing sodium hydroxide, if the negative terminal 
be removed, cooled, and placed in a little water- 

A strong solution of salt may be similarly electrolysed. In this 
case the action is not so simple, as water takes part in the action. 
The first stage is probably similar to that in the melted salt, and 
then the ‘'ions'’ or liberated particles start exchanges with the 
water, If the same rods and tubes be used, chlorine gas will be 
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found to escape again from the + end and hydrogen from 
the *. This hydrogen is produced by the reaction iSra.,4- 2H.,0 
= 2KaOH + H2. 

Other products can also be obtained (see later) if the chlorine 
instead of being allowed to escape be mixed with the solution by 
some stirring ari'angement. If the electrolysis ’’ be conducted in 
a hot solution a chlorate is formed. 

PRECIPITATIONS FROM SOLUTION.— When one substance is 
precipitated from a solution by another several additional operations 
are necessary before it can be weighed. One of the simplest examples 
is the precipitation of a metal, as oxide or hydroxide or carbonate, 
m and final conversion of this by heating into pure or anhydrous oxide 
of definite composition. Oxides ai^e generally (see ante) capable of 
withstanding a high temperature without change, and the advantages 
of this are that they may be obtained absolutely free from moisture, 
and that any volatile matters which may by accident be present are 
cl liven off daring heating. 

Many of the heavier metals can be precipitated as hydroxides 
from solutions of their salts by means of the alkali hydroxides KUO 
or NalTO. There are exceptional cases w'here these hydroxides cannot 
be used owing to the formation of soluble compounds. Thus sodium 
hydroxide cannot be used with zinc or aluminium or lead. Ammonia, 
^Iso, or ammonium hydroxide, cannot be employed in some other cases, 
such as with copper, cobalt, nickel, zinc, for the same reasons. It is 
even necessary in the cases mentioned to remove all ammonium salts, 
and precipitate with sodium or potassium hydroxide or carbonate. 
The carbonates are more generally applicable than the hydroxides, 
zinc and aluminium oxides dissolving, for instance, in sodium or 
potassium hydroxides. 

Copper Precipitated as Hydroxide from the Sulphate. 

Example (actual). 

fpax’t of complete analysis ; see water in same, ante, p (50.) 

r> 

Weighing bottle + copper sulphate = o0‘0»>18 


Amount of salt taken = I*oOlO 

Dissolved in hot water in beaker (150 c.c.), heated nearly to boiling, 
and added, in very slight excess and gradually, potassium hydroxide 
solution. (The KIIO is added in c.cs. at a time, and the precipitate 
allowed to settle between each addition. It must be kept nearly at 
100° during the precipitation and filtration.) Boiled for ten i^jimutes, 
allowed black precipitate to subside, and filtered quickly through folcled 
filter paper. Washed until wash -water no longer gave an alkaline 
reaction to red litmus paper.* Dried precipitate, in funnel, in oven. 

* 'Joo much washing can scarcely be given in any case. Small quantities 
of hot water several times repeated is more effective than one large d^se. 
There is no object, however, in continuing the washing after the ][> reel pit ant 
has been com'pletehj reniorcd. 
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Detaelied from paper ; burnt paper and heated crucible, with preci- 
pitate, and ash in the muffle for thirty minutes. 

(Or the precipitate may be placed, damp, in the crucible, and this 
at once heated over a good Bunsen flame with free access of air until 
of constant ivelght,) 


Porcelain crucible + CuO and ash 15'9157l 

ash = -00^5 J 

^ ol‘06 per cent. OuO, 


•ddOD X 100 


1-^GiO 
or = 


; 25*23 per cent. Ou. 


The calculated amount in CuSO^ 5H^,0 = 25*33. 


The sulphuric acid portion of the copper sulphate should now be 
precipitated in the manner mentioned under the experiments with 
common salt. Not more than 3 grms. of the crystals of copper sul- 
phate are dissolved in about 200 c.c. of hot water’, to which 2 or 3 c.c. 
of dilute hydrochloric acid have been added. The contents of beaker 
are then heated to actual boiling, and barium chloride solution added 
slowly until all precipitation ceases. It is then allowed to stand 
until the white sulphate subsides, filtei’ed, and thox’oughly washed 
with hot water, ignited, and treated as in the previous example {ante^ 
p. C7). 


Example (actual). 

(Part of complete analysis of copper sulphate.) 

Bottle and copper sulphate . 23*5020 

V „ „ . 21*4930 

Copper sulphate . . — 2*0090 

=s 32*05 per cent. >SO.j. 


Barium sulphate and ) 
ash and crucible j 
Crucible 

Ash .... 


21*4931 

19*6107 

•0030 

1*8797 


Yalues for three items of the copper salt — viz., water, copper (or 
copper oxide), and SO^ or SO3 — will now have been obtained. Prom 
them a formula may be constructed as in cases previously mentioned 
— viz., dividing each percentage by the molecular or atomic weights. 


Complete Results for Crystals of Copper Sulphate. 


"Water at 100^ 
„ 240° 


Copper oxide . 

SO3 . , 


28*90 I 
7*32 ) 
31*()G 
32*05 


UM2 


99*93 

7 , Lead may be precipitated with a mixture of ammonium carbonate 
; ; and hydroxide and the precipitate obtained, a mixture of the by« 
^ drqxide and carbonate of lead, after washing, drying, and separation 
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from the paper, heated to low redne.ss, when it becomes lead oxide, 
PbO* 

For this exercise it is perhaps better to commence with pure 
metallic lead instead of a lead salt ; and the same i'emark applies, of 
course, to some other metals besides lead. 

A convenient lead salt is the nitrate. It is easily formed by the 
action of hot dilute nitric acid on the metal, and is purified by several 
crystallisations from hot water. 

The nitrate gives also the oxide when strongly heated in a 
porcelain crucible. 

Example (actual), 

• Assay lead and watch glass = 

Glass alone . - ol*320 ; lead taken, 

Dissolved in hot dilute nitric acid, precipitated with ammonium car- 
bonate, with a little ammonia, as above detailed. 

Porcelain crucible . . 21 *030 

Crucible and precipitate 22*968 = 1*338 lead oxide, PbO. 

Lead is one of the few metals giving a sulphate of sufiicient ly 
insoluble character to be employed as a method of precipitation or 
separation. 

"Weigh from '3 to not much more than *6 grm. lead nitrate, or a 
corresponding amount of metal, dissolve in as small a quantity of 
hot water a,s possible (20 to 2o c.c.). Keep warm, and add jwrmal 
HgSO^ in slight excess. (PbSO^ dissolves in very strong and in very 
dilute but is almost insoluble in acid of normcd strength.) 

Then add about the same volume of alcohol (methylated spirit). 
Allow to stand for some hours in a warm place, covered of course, 
and then pour the dear liquid through the filter, afterwards washing 
the PbSO.| on to the paper with alcohol from a small wash-bottle and 
fin§ jet. The precipitate must be washed with alcohol until no acid 
reaction is given by the filtrate. Place the funnel and precipitate in 
drying oven. Weigh a porcelain crucible. Detach the dry sulphate 
from the paper into crucible, roll up and burn the paper thoroughly 
in the wire, drop the ash into the crucible, and ignite gently eithhr 
over the flame or for a short time in the muffle. Cool and weigh, and 
then moisten with one drop of (strong),and replace in muffle. 

Cool and w^eigh again. * 

It will be necessary to add a few drops of acid, nitric or acetic, 
when dissolving many of the salts of heavy metals in water, or a 

* clear solution will not be obtained, owing to liydrolyeiB. 

This action is particularly striking with bismuth (see laxer). 

Sulphates of the metals zinc, iron, nickel, manganese should be 
made by dissolving the respective metals, or oxides or carbonates, in 
the acid, and the compounds purified by several crystallisations from « 
hot concentrated solutions. 

Most of these sulphates form doiible salts with the alkali sulph^Ttes, 
which crystallise better than the simple salts. Iron sulphate, 
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for instance, forms with ammonium sulphate a veiy characteristic 
double salt known as ferrous ammonium sulphate. Iron, in its 
higher stage of excitation, aluminium, and chrolnium form with the 
alkali sulphates a very striking set of salts known as alums. These 
compounds crystallise practically in the same form, and have a 
similar composition. Common alum is represented by the formula 
Al23S04,K2S04,2IH20 ; and the aluminium and alkali metal are 
replaceable by iron and chromium and the alkali metals (includ- 
ing ammonia) respectively, the resulting alums having the same 
general type of crystal, with but a small, regular variation in cer- 
tain faces, depending on the replacing metal. They are said to be 
isomorphous. 

All these sulphates, whether single or double, contain water of ^ 
crystallisation, which may be expelled by heating, leaving the anhy- 
drous salt. Some precautions are necessary in each case, as when 
very strongly heated the sulphates are also decomposed, leaving 
oxides. The addition of concenti*ated sulphuric acid to the strong 
solution of a sulphate, or to the crystals containing water, will also 
leave an anhydrous salt. 

Zinc can be precipitated from solutions not containing ammonium 
salts by sodium carbonate as a basic zinc carbonate — that is, a car- 
bonate containing some zinc hydroxide. 

In the presence of ammonium salts, and for separation from some 
metals, zinc is precipitated from hot solutions by sulphuretted hydro-"" 
gen or an alkali sulphide, the sulphide, after filtering and washing, 
being dissolved in an acid, as HNO3, and then precipitated by sodium 
carbonate. Take not more than 1 grm. of the sulphate, dissolve in 
250 c.c. water, heat to boiling, and add sodium carbonate solution in 
slight excess. Keep hot until the precipitate settles, filter, and wash 
with hot water until the washings are neutral to litmus. 

A final washing with spirit facilitates drying, but the precipitate 
on the paper may be placed in a porcelain crucible and directly 
heated, taking care that air has free access. ^ 

There is some danger of zinc oxide being reduced by the material 
of the filter paper, and as the metal is volatile at quite moderate 
temperatures loss may occur. 

The residue after heating is zinc oxide, ZnO, which is quite 
infusible and non-volatile. 

Ordinary metallic zinc is too impure to take directly as an exercise^ 
and this applies other metals, as iron or aluminium. 

Zinc sulphate requires to be very strongly heated in a blowpipe 
flame for complete conversion into oxide. 

Nickel, cobalt, and manganese may also be precipitated by 
sodium carbonate under similar conditions and in like manner to 
zinc salts. 

Kickel and manganese may also be muciKbetter precipitated as 
-hydrated peroxides; for this purpose any salt may be employed, 
but ammonium salts must be absent. 

As an example, weigh out not more than -5 grm. of nickel or man- 
ganese salt, dissolve in 200 c.c, water in a beaker with cover-glass, 
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add 20 c.c. bromine water and then sodium hydroxide until strongly 
alkaRne, and warm gently for some time. A d^rk coloured granular 
precipitate will forii and subside quickly. After filtering oJff the 
filtrate must be tested by again adding a little bromine water and 
alkali and allowing to stand. 

These precipitates must be well washed with boiling water, as the 
alkali is pertinaciously retained. 

They may be ignited directly in platinum or porcelain crucibles. 
The nickel becomes NiO and the manganese Mn^Og. 

Iron, aluminium, and chromium can be completely throwm down 
in the form of hydroxides by the addition of ammonium hydroxide 

• to their hot solutions. The alkali hydroxides KHO and NaHO 

♦ cannot be used for aluminium and chromium, nor should alkali salts 
be present, as soluble compounds are formed. 

Iron exists in two states — as ferrous hydroxide, Ee(OH).„ and 
ferric, Ee.,(OH)^. The former is soluble in ammonia and alkali 
hydroxides, and for this reason all ferrous salts must be converted 
into the ferric state, which can then give an insoluble hydroxide 
with either the ammonia or fixed alkali hydroxides. 

The conversion of a ferrous into a ferric salt can be brought 
about by several methods of oxidation (see p. 77). 

Ferrous ammonium sulphate, FeSO^(NHj.,SO^GHp, is an excel- 
lent example for exercise. It contains, when pure, exactly one- 
seventh of itJs weight of iron ; 3 9 2/5 G = 7. 

The salt is made by mixii^ ordinary ferrous sulphate with an 
equivalent of ammonium sulphate, and dissolving in boiling water 
containing a very little free sulphuric acid. The concentrated 
solution should be rapidly cooled by placing the vessel in cold water, 
and shaking or stmring vigorously as before described. The crystals 
then formed are very small, and may be drained very completely 
fi’om the liquid by a pump filter. 

The first crop obtained must be recrystallised from hot water, 
andi similarly treated whilst cooling. The crystals are finally dried 
by placing between several layers of blotting-paper. ^ 

Take about 1 grm. of the salt for analysis. Place in beaker direct 
from the weighing bottle ; add 20-25 c.c. dilute sulphuric acid ; warm 
gently, and then drop in carefully 5 c.c. strong nitric acid. A rather 
violent action may take place, with evolution of nitrogen oxides. 
Heat to boiling-point for a few minutes until all gas^ have escaped, 
and add, carefully, ammonium hydroxide in considerable excess. 
Allow to boil for five minutes, and then filter. Wash the precipitate 
^well into the apex of the filter with hot water, until the wash -water 
gives no farther reaction for ammonia, or ceases to leave aj»resi<kie 
when a drop is evaporated on a glass plate. 

Dry the precipitate in the oven ; it will contract and detach 
itself from the paper if washed properly. Place in crucible, either 
porcelain or platinum, fold up and burn the paper, dropping the a>sh 
on to precipitate and crucible, and ignite strongly with the blow- 
pipe. If made really very hot for some time (twenty minutes) it will 
become This precipitate may also be placed damp into 
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crucible, preferably of porcelain, and ignited directly in a muffle or 
over a flame. ® 

If only just lieated to redness it will be (150), wliicli 

requires a really very high temperature for conversion into Fep^ (2B2). 

This method of treatment does not separate iron from aluminium 
or chromium, but to a great extent from nickel or cobalt and zinc, 
if they are not present in very large amount. From manganese it 
is only a poor method of separation, unless I'epeated many times. 

Ferrous ammonium sulphate when heated undergoes thorough 
decomposition, losing w^ater, ammonia, and sulphuric acid, leaving 
ferric oxide or Fep^, according to temperature employed. 

Weigh out not more than 1 grm. of the ferrous salt into a crucible. 
Heat for some time, until the contents appear all black when hot. " 
Finally ignite strongly over the blowpipe flame to make sure the I’e- 
manent oxide is Fe^O^. The result should not materially difler from 
that obtained by precipitation from solution. 

Ferrous ammonium sulphate is an excellent alternative substance 
to copper sulphate for practice. The water of crystallisation, 
ammonia, sulphur, and iron may all be determined quantitatively. 

Aluminium salts in solution are all decomposed by ammonium 
hydroxide, the hydroxide Al 2 (OH)g being precipitated as an almost 
colourless, jelly-like substance, quite insoluble in warm ammonium 
hydroxide. (Small quantities only of the aluminium salt — 1 to 2 
grms. — should he taken.) It must be very well washed and be filtered"' 
hot. When cold it is more gelatim^us and filters with difficulty. 
On igniting it becomes AIP 3 , a whitish, infusible powder. 

Chromium salts, as chrom-alum, may be treated in a precisely 
similar manner. The gelatinous precipitate is Cr 2 (OH)^, which on 
■ignition becomes Cr^Oy, a green powder. 

Both the aluminium and chromium hydroxides may be placed, 
after washing, with the filter paper wet into a crucible and heated. 
There is no change produced in these cases by heating along with 
carbon. 

Magnesium.r — Most magnesium salts resemble zinc salts to a 
great extent. About the least soluble salt is the double phosphate 
of- magnesium and ammonium, NHjM gPO^, which is almost insoluble 
in water and practically quite insoluble in dilute ammonium hydroxide, 
but very soluble in acids. 

Magnesium sulphate, MgSO^jTH^O, or magnesite, MgCO-j, or even 
metallic magnesium , are suitable for exercise. * 2 to ’ ?> gvm, of metallic 
magnesium will be sufficient, and not more than 1 grm. of the salts. 
Dissolve the metal in dilute HOI in a small flOO c.c. beaker, covered,^ 
add so<I!um hydrogen phosphate in slight excess — no precipitate 
should form if sufficient HCl be present. Warm gently but do not 
boil, and add ammonium hydroxide until the solution smells strongly. 
Arrange that there is not much more than 200 c.c. of liquid. Keep in a 
warm place for a few hours; avoid stirring after adding the ammonia. 
Th^ precipitate will settle down more or less crystalline. Filter 
whilst warm (40° to 60 °C.), and contrive to wash the precipitate from 
beaker with some of the clear filtrate from the first portion poured 
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in. Finally "VVasli with small quantities of dilute ammonium hydroxide 
so tlfat not much more than 100 c.c. in all are ftsed. Allow to drain, 
and pour alcohol twice or more over the precipitate. Place funnel 
and precipitate in the steam oven and allow to dry thoroughly* 

Weigh a porcelain crucible and lid. When the phosphate is 
quite dry it will detach almost completely from the paper by very 
slightly rubbing or pressing the sides of the filter paper cone together* 
Do this over a piece of clean, smooth, blue writing-paper. Drop as 
much as possible of the substance into the crucible, and carefully brush 
any adhering particles from the filter paper and any that have fallen 
onto the blue paper also into the crucible, using a small camebs-hair 
brush. 

The filter paper is then folded up, coiled in platinum wire, and 
burnt separately (see Fig, 40), and the ash dropped into the crucible. 
The crucible, covei’ed, may now be ignited in the muffle, or, gently, 
over the Bunsen fiame, The salt becomes Mg^.P^O- (molecular weight 
222), from which the Mg can be calculated. 

This is really a very difflcult experiment, and great attention 
should be paid to details. Should the precipitate stick on the sides of 
the beaker during formation it may be necessary to redissolve in HCl 
and again precipitate. The pouring rod should not be in the beaker at 
the time, nor should it be stirred, and the beaker must be perfectly 
clean when commencing. The phosphate is very light and inclined to 
Must when dry, so care must be taken in getting it into the crucible. 
A platinum crucible may not used. 

The method of ascertaining the amount of phosphorus as phos- 
phoric acid in a substance is practically the converse process, the 
phosphoric solution being precipitated by addition of an alkaline 
magnesium solution — ammonium magnesium sulphate or chloride 
with a little excess of ammonium hydroxide. In both cases all 
metals but those of the alkalies must be absent. 

Phosphorus in iron or steel is generally first precipitated, as 
phosphoric acid in combination with molybdic acid and ammonia, 
from the nitric acid solution^ and, after washing, dissolved in 
ammonium hydroxide, which produces ammonium phosphate and 
molybdate. On now adding a magnesium solution a double phes- 
• phate of ammonium and magnesium is precipitated, whilst the 
molybdate of ammonium is very soluble and is washed a^way. The 
after-treatment is the same in each case. (Carbon “ reduces ’’ these 
salts to some extent at a high temperature, so that phosphorus is 
vapourised and lost, or if the ignition took place in a platinum 
^crucible it would be corroded or possibly melted in places.) 

Calcium (and strontium) salts are mostly soluble. The <«:alat<$ is 
sufficiently insoluble in water, ammoniacal solutions, acetic acid, 
for quantitative precipitation. 

A calcium mineral, as Iceland spar, is convenient for experiment. 
Between *5 and 1 grm. is weighed into a 500 c.c. beaker and dis- 
solved in dilute hydrochloric or nitric acid, added only in slight 
excess. In case the solution is perfectly clear, ammonium hydroxide 
is added and the liquid warmed. If the liquid still remains clear, 
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•ammonium oxalate or carbonate solution is now added, and the whole 
heated to about 80°*'C. The calcium salt seizes down somewhat 
rapidly. It may be filtered, washed with water, dried at 100“ on a 
weighed paper (see ‘‘Ammonia,”), but it is much better to place 
filter and precipitate in a platinum crucible and ignite strongly. 
The residue is then calcium oxide, CaO. 

Strontium can be precipitated as sulphate in a similar manner to 
barium. 

Potassium, ammonia, and a large number of bases of the ammonia 
type, such as aniline, CgH.NI-L, form compounds with acids, nearly 
all of which are soluble in water, most of tliem extremely so. They 
are characterised by reacting with chloroplatinic acid, PtCl ^21101, 
to form a series or group of compounds of a comparatively insoluble 
nature. All these chloroplatinates show a close resemblance in ^ 
composition. The potassium salt is represented by PtC1^2K01; the 
ammonium salt = Pt01.j2]S[ITj01, and with bases of the ammonia 
type, as aniline, Pt01^2(CQH^NH.JTCl). These compounds are nearly 
all yellow in colour, crystalline, and mostly without water of 
crystallisation. These double salts ai'e decomposed at a high tem- 
perature. The alkali salts leave alkali chloride + platinum, and the 
ammonia or amine salts platinum only, or in some cases platinum 
and carbon. 

Sodium . — Properly speaking, there is no insoluble sodium com-^ 
pound that can be used for gravimetric determination. ’ Most of its 
salts may be converted into the sulphate, and this weighed aftei* 
heating to redness. (See “ Common Salt,” ante^ G4.) 

Experiment. 

Ammonium chloride is purified by recrystallisation from water 
as described in other cases, and dried by heating in a dish until it 
commences to volatilise. Some of the dry salt is then placed in the 
weighing bottle, and about *2 or *5 grm. weighed into a small porce- 
lain dish, dissolved in 20 c.c. water, 1 or 2 c.c. strong HOI and tlTen 
an excess of platinum chloride solution added. (The strength of the 
platinum solution should be known approximately.) 

^ The whole is then evaporated to complete dryness on a steam or 
'Water bath. The solid residue will be the double salt and the excess 
of platinum salt. 

(The same t>?eatment is to be followed in the case of a potassium 
salt or an amine salt such as aniline hydrochloride.) 

The residue in the dish is now moistened with a very little hydro- 
chloric acid and then covered with a mixture of alcohol and ether „ 
(eq:\al volumes of each), stirred with a glass rod and then allowed to 
stand a few minutes, the dish being covered with a glass plate. 

In the meanwhile, whilst the salt solution has been evaporating, 
a small filter paper has been dined carefully in the steam oven and 
weighed. For this a paper must be selected and placed in the steam 
ovep. for^ thirty minutes ; it is then put inside a test-tube “ carrier ” 
made out of two test-tubes, one of which slides moderately easily into 
the other (plenty of these “ fitting ” tubes are to be found in every box 
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of test-tubes). The rim around the open end of tlie smaller tube is 
i^emSved by filing it around and warming in a ^'•ery small fiame. The 
open end of the sm^ler tube is then pushed into the larger. This 
makes a sufiiciently air-tight carrier for paper and other hygroscopic 
substances whilst \reighing (Fig. 42). The paper must be dried and 
weighed and dried again and weighed until the last two weighings are 
the same. The paper must be moistened with alcohol before commenc- 
ing to filter the platinum salt. A mixture of alcohol and ether must 
be used to wash all the insoluble platinum salt on to the paper from 
the dish and also on the paper, until it comes through colourless and 
leaves no residue on evaporation. (The filtrate containing the excess 
of platinum chloride is saved.) 

The funnel and paper are placed in the oven to dry and then in 
the carrying tubes to weigh. The drying and weighing must be 
i^epeated until the weight is constant. 

The difference between the \veight of the carrier 4- paper and 
carrier -f paper + salt gives the weight of the latter. 

A check on the work is obtained by now igniting the precipitate 
and paper in a weighed platinum (or porcelain) crucible. If the salt 



Fig. 42, — Fitting test-tubes for carrying filter j)apers, &c. &c., 
for weighing. 

taken was of ammonia or an amine base, platinum black only will be 
left. With a potassium salt potassium chloride also remains. 

Generally the platinum is so cohei’ent that the potassium salt may 
be washed away with warm water and the platinum left. After 
again heating the crucible can be weighed and the equivalent of base 
or metal calculated from the weight of platinum. 

^ 194-34 Pt := 2 X 39 K, or 2x18 NH,. 

Many salts of potassium and ammonium in addition to the chlorides 
mentioned will give the chloroplatinate precipitate when a sufficient 
excess of the chloroplatinic and hydrochloric acids are present. 

OXIDATION. — Sulphur and most metallic sulphides can be oxi- 
dised in such manner that the sulphur is converted into sulphuric 
acid or into a metallic sulphate, as the case may be. 

In the majority of cases sulphates, if formed, are soluble. 
Barium and lead are very insoluble ; and a few substances, tin^^nd 
antimony, &c., may be troublesome, as they form somewhat insoluble 
oxides. 

A number of compounds are able to function as oxidising agenis 
either in aqueous solution or when melted — nitric acid, aqua regia, 
alkali permanganate or chlorate, bromine or chlorine and water, 
melted alkali hydroxides, as KHO, nitre, KNO^, pei-oxides orthe 
alkalies, as NooOo? 
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Sulphur or metallic sulphides must be vevj hnely powdered, or 
the action with aqueo^us oxidants may be exceed^ingly slow. 

Weigh into a beaker about *2 or *o grm. of sulphur. Add to 
this about 10 c.c. strong nitric acid, cover beaker, and heat until 
an action, shown by evolution of red fumes, begins. One or two 
small crystals of potassium chlorate may be added from time to time 
until all signs of suspended sulphur have disappeared. 

The liquid is then dilated to at least twice its bulk, boiled, to 
expel any oxides of chlorine or nitrogen, for a few minutes, and while 
still boiling barium chloride solution added in such small quantities 
that the liquid continues in ebullition. Barium sulphate will then 
precipitate in a granular form, which is easy to filter off. It must be 
washed and ignited and treated as before described. According to the 
atomic weight of sul]3hur and the molecular weight of barium 
sulphate, 32 parts of sulphur should give 233 of barium sulphate ; 
therefore ’3 grm. of sulphur will produce more than 2 grms. of the 
Sulphate. 

Gunpowders of various kinds are perhaps better for this exercise 
than pure sulphur. Black gunpowder contains nearly 10 per cent., 
and the brown varieties from about 2 per cent, to 5 per cent. Of 
these 1 to 2 grms. should be weighed and treated in the manner 
described above, but employing more nitric acid. Gunpowders 
contain carbon compounds which produce coloured solutions as the 
oxidation is proceeding. When cdl the carbon and sulphur is fully 
oxidised the liquid becomes ^nd This stage onvst be 

attained before addition of barium chloride. This treatment can be 
applied to all organic ” compounds containing sulphur. 

A metallic sulphide, such as the copper sulphide, made by heating 
the metal in sulphur vapour (see ante^ 50) can also be dissolved and 
oxidised by a mixture of nitric and hydrochloric acids (aqua regia). 

About 1 grm. of the finely powdered sulphide is placed in a flask 
of 250"S00 c.c. capacity, a small funnel being placed in the neck. 
10 c.c. of nitric acid (1-3 sp. gr.) is first added, warmed gently, mnd 
when the reaction appeal’s to slacken 10 c.c. of strong hydrochloric 
added. Afterwards the acids may be added alternately, 1 c.c. at a 
time, until all is dissolved and the solution becomes clear. Addition of 
very small quantities of potassium chlorate generally helps the oxida- 
tion and solution. 

Before addition of the barium salt the liquid must be diluted 
with at least an equal volume of water, as barium salts are not very 
soluble in strongly acid solutions. 

Melted potassium nitrate may also be em ployed for the oxidation^ 
ofcRulpbides of metals. In this case it is advisable to dilute the 
oxidising agent with sodium carbonate, to moderate the action. Or 
a mixture of alkali hydroxide and nitrate or peroxide may be used in 
some cases. 

o A convenient mixture consists of 4 parts dry sodium carbonate and 
1 p^rt potassium nitrate. 5 to 6 grms. of this mixture are placed in 
a porcelain crucible, and the finely powdered sulphide (say 1 grm.) 
and mixed slightly by moans of a wire carefully stirred in. 
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It is then gently heated until in quiet -fusion, when cold placed 
in a*beaker, covered with warm water acidified with dilute nitric 
acid (care being taken to prevent loss by covering the beakei’), heated 
to boiling, and the sulphate of barium formed, as before, by^addition 
of barium nitrate or chloride. 

Where fusion with alkali salts is resorted to the final washing of 
the barium sulphate must be continued until no residue is left on 
evaporating a few drops of the filtrate. 

The analj'sis of metallic sulphides to obtain quantitatively the 
content of sulphur and metal involves special treatment wdiere (as 
with lead and others) insoluble sulphates or oxides are formed. 

OXIDATION OF METALS. — Tin and a few other substances, as 
antimony, arsenic (tungsten), are oxidised by nitric acid. 

Tin yields a hydroxide of complicated constitution, generally 
expressed by the formula Sn.p.(OH)jy, which is quite insoluble in 
water and nitric acid. On ignition it becomes SnO^. 

Antimony and arsenic produce oxides which on hydration form 
acids. 

The tin in the cdloys^ or compounds of tin with metals, is also 
converted, on treatment of the alloy with nitric acid, into this 
insoluble compound, whilst nearly, if not all, the metallic nitrates are 
very soluble compounds. Consequently the amount of tin con- 
tained in an alloy of that substance can be ascertained by dissolving 
a weighed amount in nitric acid and filtering ' oft* the insoluble tin 
compound, which is afterwards converted by heating into tin dioxide, 
SnOg. 

Commercial tin is generally pure enough for experiment. The 
ordinary bronze coinage contains a definite quantity of tin (about 
4 per cent.). Some bronzes contain 9 to 10 per cent. 

The metal taken should be either in the form of turnings or 
filings. 1 to 3 grms. should be weighed into a beaker of about 
500«c.c. capacity, provided with a concave cover-glass. Place ^0 or 
30 c.c. of water on the metal, and then add 20 c.c.#of nitric acid 
(of about 1*4 sp. gr.). A violent action will generally set in and the 
liquid become clouded from the suspended tin hydroxide. • 

The temperature will rise during the solution of the metal, and 
must be kept up until all action is over. Finally the liquid is 
diluted with twice its bulk of water, and then boiled fior at- least ten 
minutes before filtering. 

The precipitate is very fine, and needs a good filter pajDer. It 
|nust be washed with hot water or very dilute h^ot nitric acid until 
a drop of wash liquid leaves no residue when eva^rated on% gIgiBS 
plate. 

The precipitate may be dried and detached from paper before 
igniting, or placed direct in 2 ^, 2 >orcelain crucible and heated, without 
the lid, over a fiame or in a mu file. The product should be qui^e 
white. Any colour indicates .impel feet washing. ^ 

The formula SnO^ implies that in 150 parts 118 are tin and 32 
oxygen. 



80 A COURSE OF PRACTICAL CHEMISTRY. 

REDUCTIONS. — Ohromium, manganese, and some other substances 
form several very dfstinct classes of compounds, in one of whieli the 
element acts as base and is combined with somd acid, and in another 
it acts as an acid and is combined with some base. Chromium can 
pass very easily from the one form to the other. From chromates and 
bichromates, &o . , the chromium cannot be precipitated as hydroxide. 
When any of these compounds are brought in contact with a 
substance capable of taking up oxygen they give up a definite 
amount and become reduced to chromium salts. Alkali bichro- 
•^mates are largely used in a number of technical operations as oxi- 
dising agents. The commercial salts are not quite pure. 20 or 
more grms. of the potassium salt should be dissolved in boiling 
water, the liquid filtered hot, then cooled rapidly, with constant 
agitation, and the fine crystals drained on a pump filter. The crys- 
tals do not contain water of constitution. The moisture may be 
driven off by direct heating, and at a moderate temperature the salt 
melts to ai'ed liquid, which sets on cooling into an orange-red crystal- 
line mass which easily breaks up. 

Weigh not more than 5 of the salt from a weighing bottle into a 
500 c.c. beaker. Dissolve in about 100 c.c. hot water, add 5 c.c. hydro- 
chloric acid, and then about the same amount of alcohol. Cover the 
beaker and heat to boiling. The colour of the liquid will change from 
orange to green, and a strong odour of aldehyde will be noticed. 
The solution must be boiled until the aldehyde odour has passetl 
away and the liquid is of a pure gre^n colour. 

Add slowly a few c.c. strong ammonium hydroxide, keeping up 
the heating. A grey-green precipitate should form. Filter as hot 
as possible and wash very thoroughly with hot water. It is an 
advantage if this operation of precipitation and filtration be done 
quickly, as chrom-ammonias are liable to form on long exposure to 
air This will be seen by the filtrate becoming purple. It should 
be perfectly colourless. The precipitate cannot be too well washed. 

The filter paper and precipitate may be introduced, at once, .^.fter 
draining, into^ platinum crucible, and heated either in a muffie or 
by a blowpipe flame. The final result is Cr^O.^, which should be 
dark green in colour and a perfectly loose powder. 

Instead of alcohol, a sodium thiosulphate solution or yellow 
ammonium sulphide or sodium sulphite may be used for the reduc- 
tion. Some sulphur is thrown down from the former of these, but 
it does not interfere, being burnt off in the ignition. It is, however, 
more difficult to filter. 

Many chromates or bichromates may be made by double decom- 
p^>siti(3 from the potassium salt and other metallic salts, as silver 
nitrate, &c. Sodium bichromate is much more soluble than the 
potassium salt, and is also deliquescent. If the sodium salt is taken 
for experiment two or three hundred grams will be required for 
ctystallisation, and the salt after draining and fusing must be kept 
ir^ a closed bottle. 



CHAPTER VII. 


VOLUMETRIC ANALYSTS. 


The object ol: voluanetric analysis is to ascertain, quantitatively, 
the composition of a given substance by means of solutions of a re- 
agent of known strength. Certain characteristic and visible reactions 
are produced, and from the cohune of reagent used the amount of 
substance present may be deduced from the laws of chemical equiva- 
lence. All that is necessary for the successful performance of the 
analysis is that the exact termination of the reaction shall be in some 
way made visible. 

The apparatus required for volumetric processes is generally of a 
simpler character than that employed for gravimetric analysis. In 
addition, the estimation may betperformed very rapidly, and with an 
accuracy quite equal to that obtained by the most careful gravimetric 
methods, and in some cases even more so. 

End of Iteaction . — As previously mentioned, the success of any 
volumetric analysis depends upon the termination of the iteaction 
being definite and observable. The most general methods of ascei- 
taining this may be classified as follows : 

1. The appearance or disappearance of a distinct colour hi the 

liqimd under <^peration . — An example of this is to be found in the 
behaviour of iron salts towards potassium permanganate. If a 
permanganate solution be added drop by drop to an acid solution of 
a ferrous salt, the colour is discharged so long as the latter is ih 
excess. When the permanganate strikes a distinct colour in the 
liquid the oxidation of the ferrous salt has been completed. Con- 
versely, when hydrogen peroxide is added to a solution of perman- 
ganate the colour of the latter becomes fainter, and finally disappears 
at the moment the reaction is complete. In both cases the final 
(jhange is brought about by one or two drops of solution, which may 
be extremely dilute. ♦ 

2. Wheii a precipitate just ceases to form . — An example of this 
is aftbrded by a method of finding the amount of silver in a substance. 
If a solution of sodium chloride be gradually added to a silver solution, 
the latter being constantly shaken so as to allow the precipitate 
subside, a point will be I’eached at which a drop of the salt solution 
ceases to cause a further precipitation. This indicates the end of 
the reaction. 


6 



82 


A COURSE OF PRACTICAL CHEMIST RY. 

8. By the im of an inclicato7\ wliicb may be defined as a substance 
whicii renders the on^l reaction evident, without itself appi-ecilibly 
interfering with the reaction. Examples of these are provided by 
the estimation of the acidity or alkalinity of a given solution ; and 
as this is one of the most frequent uses of volumetric analysis, the 
names and properties of the chief acid and alkali indicators will be 
given : 

(a) ZU?mis . — The solution of litmus, as is well known, is turned 
red with an acid and blue with an alkali. If one be added gradually 
to a solution of the other, into wdiich a little litmus has been poured, 
a point of neutrality will be reached when the litmus is neither red 
nor blue (a purple tint), after which one drop of acid or alkali will 
turn it red or blue. The end of the reaction is thus made evident. 
The objection to litmus is that it is affected by carbonic acid, so that 
in such cases as the examination of carbonates wdth an acid the 
litmus is turned prematurely red. Boiling the solution during the 
process obviates this. 

(b) Methyl orange (para-sulpho-benzene azo-dimethylaniline) is 
an ox*ange-coloured compound, soluble in water. It becomes red on 
the addition of an acid. It should be made by dissolving I grm, of 
the solid in a litre of distilled water. One drop of this solution 
present in an alkaline liquid will strike a red tint immediately an 
acid is added in excess. It is probably the best indicator for acids 
and alkalies, being totally unaflected by carbonic acid or sulphurettecT 
hydrogen. 

(c) Fhenolphtlialehu — This indicator is prepared by dissolving 5 
grms. of the powder in 1 litre of 50 per cent, alcohol. A few dinps 
of this Solution show no colour in a neutral or acid solution, but the 
faintest excess of alkali produces a deep purple-red. It is, however, 
affected by CO, and H,S. 

The indicators used in other volumetric processes are too nume- 
rous to classify here ; such as are used in the processes to be described 
will be found, with the principles of their action, in the desciip^on 
of the analyses.. 

STANDARD SOLUTION, — A standard solution may be defined as 
an arbitraiy solution possessing a known chemical strength. Such 
solutions are generally, though not always, made in accordance with 
the chemical equivalent of the reacting foody, as explained in the 
next definition. 

NORMAL SOLUTION.-A normal solution is one which possesses^ 
the hydrogen equivalent of the reacting element in grams per"' 
litre. It is generally expressed by the symbol N. Reference to 
examples will make clear the definition given. 

1. Sodium hydroxide, NaOH, consists of 28 parts by weight of 
sodium, IG of oxygen, and 1 of hydrogen — 40, A litre of noimal 
sodium hydroxide contains 40 grms. of NaOH, and therefore 1 
gt-m. of hydrogen. 

2. Sodium carbonate, Na^OOg, contains 4G parts by weight of 
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sodiunij equivalent to 2 grms. of hydrogen. For a normal isoliition 
the weight expressed by Na^COy divided by 2* will give the amount 
in gleams to be contained in i litre. 

3. Copper sulphate, OuSOj, contains 03 jsarts by weight of 
copper. The equivalence of copper to hydrogen is 32*5 : 1, as 
copper is divalent. The number of grams in a litre cf normal 
copper sulphate is therefore one-half of the number represented 
by CuSO^. 

It is of great Importance that this point should he clearly under- 
stood^ in order that a thorough insight into the various volumetric pro- 
cesses may he obtained. 

The chief advantages obtained by making standard solutions of 
normal strength are that any two such solutions, capable of reacting 
upon each other, do so in exactly equal volumes, and that the final 
calculations are rendered much easier. 

It is often an advantage to employ solutions of less strength than 
normal. In such cases they are usually made some simple fraction of 
normal ; thus, decinormal (y^), seminormal (^), &c. 

All standard solutions must be kept in well-stoppered bottles* 
Before using for an analysis they should be well shaken, as evapora- 
tion from the surface of the liquid causes a deposition of water 
on the sides of the bottle, leaving the remaining solution unduly 
^trong. 

Titration\ — The actual operation of running in a standard solu- 
tion to the liquid undergoing ifinalysis and the observation of the 
end reaction are expressed by the term ‘Nitration.” The solution 
is run in from a graduated instrument, the burette (see Introduction). 
By this means the amount of solution used is accurately known. 
The solution undergoing examination may be contained in either 
a beaker, flask, or dish. Whichever of these is used, it is essential 
that constant mixing shall take place, in order that every part of the 
liquid may participate in the reaction. This may be accomplished 
in #he case of a flask by swishing round the contained liquid and 
then slightly inclining ; in open vessels a glass stirrkig rod may be 
used. The instrument from which the standard solution is delivered 
must never be so far removed from the test liquid as to cau^e 
splashing; nor should the solution be allowed to run down the 
side of the beaker or flask, as difficulty is experienced owing to the 
adhesion of the solution to the side of the vessel. •* 

The details of the titrations given will be found under the respec- 
tive headings. • 

. Graduated instruments. — The three chief graduated instruments 
required in volumetric analysis are the pipette, the measuriij^ flaS^, 
and the burette (see Introduction). 

The pipette, as shown in the sketch, consists of a narrow piece of 
tubing widened out at the centre. The bottom portion of the narrow 
tube is drawn out to a moderately fine taper point, so as to allcfw 
the liquid to be retained when the opposite end is closed, and alscbto 
ensure a moderately slow delivery of the contents. The graduation 
consists of a mark on the upper portion of the narrow tnbe* 
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To use the pipette, the point is immersed in the liquid from 
which an exact volume is to be transferred to a/iother vessel ^Suc- 
tion is then applied, using the tongue as a valve, until the liquid 
rises two inches or more above the mark. The forefinger is then 
rapidly placed over the open end, when, by gently moving the finger, 
air may be slowly admitted and the column allowed to sink until the 
bottom of the meniscus is opposite the mark. The finger is then 
pressed tightly, and the pipette removed bodily and its contents dis- 
charged in the receiving vessel by lifting the finger. The last diop 
remaining in the tapered portion may be expelled by touching it 
against the side of the vessel, closing the top witli the finger, and 
grasping the wide portion with the hand. The warming expels the 
last drop. The pipette is evidently made to deliver a given volume ; 
its actual contents are obviously greater, as it is wetted by the liquid 
and therefore retains a portion on its sides. Before using the 
pipette for a difterent solution, it should be rinsed out with distilled 
water several times, dried, and rinsed out with the new solution 
before final filling. Care must be exercised during the last stages 
of filling, otherwise the solution may be drawn into the mouth. A 
few inches of small rubber tube at the top of the pipette is most 
convenient. 

Convenient sizes of pipettes are 100 c.c., 50 c.c., 25 c.c., 20c.c., 
10 c.c., and 5 c.c. 

Measuring flasks (see Introduction) may be obtained in various 
forms and sizes. In preparing standard solutions such flasks are 
absolutely necessary. Mostly these instruments are graduated for 
the ordinary temperature of 15°-1G° 0., and all the operations of 
volumetric analysis should be performed with the liquids at as near 
these temperatures as possible. Liquids expand appreciably with 
slight increase of temperature. The flasks are of such a size that the 
graduation mark may be placed on the neck. The best forms are 
provided with an accurately ground glass stopper, so that any solution 
contained in the flask may be mixed and preserved from evapa.‘a- 
tion. The stoppered flask, however, is not absolutely necessary. 
Such flasks are usually made to contain a given quantity ; the 
amount they will deliver is obviously less, and should a flask be used 
for the latter purpose it must 'be specially graduated. 

Convenient sizes are 1 litre, 500 c.c., 250 c.c., 200 c.c., iOO c.c., 
and 50 c.c, c 

In flliing to the mark the last few drops should be blown in 
from a wash-bottle jet.* Where it is only requisite to measure or 
deliver quantities of liquids roughly, measuring cylinders are used. .. 
They co^lsist of cylinders graduated by divisions marked on the side, 
and should possess a lip for convenience o'f pouring. Such cylinders 
are of great service in the rougher portions of the work involved in 
volumetric analysis. 

^Convenient sizes are 250 c.c. and 100 c.c. 

The Burette (see Introduction). — There ar^e numerous forms and 
sizes of this instrument obtainable, bufc the best foim for general use 
consists of a graduated tube with a tap at the bottom, which by 
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careful turning may be adjusted so as to allow only a single drop to 
escape. ^ * 

A convenient size for ordinary use is the one graduated in 
tenths to 55 c.c. Two drops are about equal to jVth of a c.c. The 
method of using the burette is as follows : Pour in a few cubic 
centimetres of the solution to be used, and incline the burette so 
that every portion is washed in turn by the liquid. This washing 
liquid is now poured away, and the burette filled to a few centi- 
metres above the zero mark. It is then clamped in a stand, and 
the tap rapidly turned on full and closed again. This operation 
expels the air bubble in the tapered tube beneath the tap. The eye 
is now placed on a level with the zero mark, and the tap gently 
turned so as to allow a very gradual escape of the liquid. The 
column falls slowly, and when the bottom of the meniscus is exactly 
opposite the zero mark the tap is closed. The drop clinging to the 
bottom is removed by touching with a glass rod, when the liquid to 
be titrated may be placed beneath the burette. If the amount of 
solution required for the reaction be approximately known, this 
amount minus about 2 c.c. may be run in at one operation. The 
final stage of the reaction is found by running in two drops at a 
time, stirring the solution with a glass rod after every addition. 
A point will be reached when the addition of a given two 
drops will cause the indicator to turn colour, at which stage the 
reading of the burette is taken by observing the mark opposite the 
bottom of the meniscus, hoiding the eye level with the mark. 
When nothing is known as to the strength of the liquid to be 
titrated, an approximate idea must be obtained by running in 1 c.c. 
at a time, when the end reaction will be found between the limits 
of a c.c. The burette must be again filled with soUition, and a 
second titration performed accurately, the last portions of the 
solution being run in drop by drop until the reaction is seen to be 
completed. 

•When the burette is to be used for another solution it should 
be rinsed out several times with distilled water and^dried. It may 
then be rinsed out with the new solution, and filled and run down to 
the zero mark as before. • 

The drop clinging to the bottom of the burette during the titra- 
tion may be transferred to the liquid by touching with the stirring 
I’od and immersing the latter in the liquid undergoing titration. 
When the end of the reaction is close at hand, this drop frequently 
suffices to complete the change of tint in the indicator. 

The burette may be filled directly from the bottle containing the 
solution by holding it vertically, and allowing the lip of the %ottl« to 
rest on the top. The solution must be poured in gently, otherwise 
it will flow over the outside of the burette. With a little care and 
practice, however, the burette may be filled in this manner without 
danger of overflowing. • 

For all ordinary volumetric estimations it is only necessary ^hat 
the readings of the burette be taken to ^^th of a c.c., as this amount 
is frequently necessary to make the change in the indicator abso- 
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To use tlie pipette, the point is immersed in the liquid from 
which an exact volume is to be transferred to another vessel, 
fcion is then applied, using the tongue as a valve, until the liquid 
rises two inches or more above the mark. The foi'ehnger is then 
rapidly placed over the open end, when, by gently moving the finger, 
air may be slowly admitted and the column allowed to sink until the 
bottom of the meniscus is opposite the mark. The finger is then 
pressed tightly, and the pipette removed bodily and its contents dis- 
charged in the receiving vessel by lifting the finger. The last drop 
remaining in the tapered portion may be expelled by touching it 
against the side of the vessel, closing the top with the finger, and 
grasping the wide portion with the hand. The warming expels the 
last drop. The pipette is evidently made to delicer a given volume ; 
its actual contents are obviously greater, as it is wetted by the liquid 
and therefore retains a portion on its sides. Before using ^ the 
pipette for a difierent solution, it should be rinsed out with distilled 
water several times, dried, and rinsed out with the new solution 
before final filling. Care must be exercised during the last stages 
of filling, otherwise the solution may be drawn into the mouth. A 
few inches of small rubber tube at the top of the pipette is most 
convenient. 

Convenient sizes of pipettes are 100 c.c., 50 c.e., 25 c.c., 20c.c., 
10 C.C., and 5 c.c. ^ 

Measuring jiashs (see Introduction) may be obtained in various 
forms and sizes. In preparing standard solutions such fiasks are 
absolutely necessary. Mostly these instruments are graduated for 
the ordinary temperature of C., and all the operations of 

volumetric analysis should be performed with the liquids at as near 
these temperatures as possible. Liquids expand appreciably with 
slight increase of tempei'ature. The flasks are of such a size that the 
graduation mark may be placed on the neck. The best forms are 
provided with an*accurately ground glass stopper, so that any solution 
contained in the flask may be mixed and preserved from evapc^a- 
tion. The stoppered flask, however, is not absolutely necessary. 
Such flasks are usually made to contain a given quantity ; the 
amount they will deliver is obviously less, and should a flask be used 
for the latter purpose it must be specially graduated. 

Convenient sizes are 1 litre, 500 c.c., 250 c.c., 200 c.c., 100 c.c., 
and 50 c.c. « 

In filling to the mark the last few drops should be blown in 
from a wash- bottle jet.. Where it is only requisite to measure or 
deliver quantities of liquids roughly, measuring cylinders are used. . 
They consist of cylinders graduated hy divisions marked on the side, 
and should possess a lip for convenience of poui-ing. Such cylinders 
are of great service in the rougher portions of the work involved in 
volumetric analysis. 

^'Convenient sizes are 250 c.c. and 100 c.c. 

^he Burette (see Introduction). — There are numerous foi-ms and 
sizes of this instrument obtainable, but the best form for general use 
oomist« of a graduated tube with a tap at the bottom, which by 
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careful turning may be adjusted so as to allow only a single drop to 
escape. ^ 

A convenient size for ordinary use is the one graduated in 
tenths to 55 e.c. Two drops are about equal to ^'^jtli of a c.c. The 
method of using the burette is as follows : Pour in a few cubic 
centimetres of the solution to be used, and incline the burette so 
that every portion is washed in turn by the liquid. This washing 
liquid is now poured away, and the burette filled to a few centi- 
metres above the zero mark. It is then clamped in a stand, and 
the tap rapidly turned on full and closed again. This operation 
expels the air bubble in the tapered tube beneath the tap. The eye 
is now placed on a level with the zei*o mark, and the tap gently 
turned so as to allow a very gradual escape of the liquid. The 
column falls slowly, and when the bottom of the meniscus is exactly 
opposite the zero mark the tap is closed. The drop clinging to the 
bottom is removed by touching with a glass rod, when the liquid to 
be titrated may be placed beneath the burette. If the amount of 
solution required for the reaction be approximately known, this 
amount minus about 2 c.c. may be run in at one operation. The 
final stage of the reaction is found by running in two drops at a 
time, stirring the solution with a glass rod after, every addition. 
A point will be reached when the addition of a given two 
drops will cause the indicator to turn colour, at which stage the 
reading of the burette is taken by observing the mark opposite the 
bottom of the meniscus, hoiding the eye level with the mark. 
When nothing is known as to the strength of the liquid to be 
titrated, an approximate idea must be obtained by running in 1 c.c. 
at a time, when the end reaction will be found between the limits 
of a c.c. The burette must be again filled with solution, and a 
second titration performed accurately, the last portions of the 
solution being run in drop by drop until the reaction is seen to be 
completed. 

•When the burette is to be used for another solution it should 
be rinsed out several times with distilled water and#dried. It may 
then be rinsed out with the new^ solution, and filled and run down to 
the zero mark as before. 

The drop clinging to the bottom of the burette during the titra- 
tion may be transferred to the liquid by touching with the stirring 
rod and immersing the latter in the liquid undei^going titration. 
W^hen the end of the reaction is close at hand, this drop frequently 
suffices to complete the change of tint in the indicator, 

^ The burette may be filled directly from the bottle containing the 
solution by holding it vertically, and allowing the lip of the i^ottl© to 
rest on the top. The solution must be poured in gently, otherwise 
it will flow over the outside of the burette. With a little care and 
practice, however, the burette may be filled in this manner without 
danger of overflowing. • 

Eor all ordinary volumetric estimations it is only necessary i^hat 
the readings of the burette be taken to j^^th of a c.c., as this amount 
is frequently necessai’y to make the change in the indicator abso- 
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lutely certain, Foi’ more refined methods Erdmann’s float may be 
. used, by means of which readings to -jr^th of a c.c. may be accurately 
observed. This consists of a weighted glass tube having a mark 
round its circumference. After roughly filling the burette the 
float is dropped into the liquid, when the mark will be seen to be 
below the surface. To adjust the burette for titration the tap is 
first rapidly and then gradually turned as before, until tlie mark on 
the float is opposite the zero mark. The final reading is taken after 
titration by observing the graduation opposite to the mark on the 
float. 

PREPARATION OF NORMAL ACID AND ALKALI.— A normal 
acid and alkali are frequently used in volumetric analysis, and their 
preparation should form one of the first lessons of the student. By 
accurately following the instructions given, correct solutions may be 
made by the beginner. 

(1) Normal sulphuric acid. 

— = — = grms. per litre. 

Strong sulphuric acid, as purchased, having a specific gi'avity of 1*84 
at 15° C., has a strength of about 3(> times normal ; 1 c.c, diluted to^ 
86 C.C., or 27*8 c.c. diluted to 1 litre, -would therefore posse'fes a strength 
approximating to normal. • 

Place about 900 c.c. of distilled -water in a litre flask, and pour in 
28 c.c. of the strong acid, stirring with a glass rod, in order to mix 
thoroughly. Allow the mixture to become quite cool, lift the rod out 
of the liquid and wash with a jet of water from a wash-bottle, and 
add water up to the mark. The mixture should now be poured into 
a large, dry beaker, and stiiTed with a glass rod or strip to ensure 
thorough mixing. 

A sample of the solution must now be tested in order to aaeu- 
rately determine its strength. 

• (a) Standardising the acid hy precipitation as barium sulphate . — 
For this purpose 10 c.c., or better 20 c.c., of the acid are transferred 
to a beaker by means of a pipette, diluted with water, heated, and 
precipitated bydbhe addition of barium chloride. The precipitate is 
treated as before described. For the acid to be strictly normal, the 
weight of the precipitate of BaSO^ should be exactly 1*165 grms., if 
10 c.c. were taken, and 2*B8 if 20 c.c., as may be calculated from the 
equation, 

H,SO, + BaCl, - BaSO, + 2HC1, 

remembering that the weight of real acid in a litre of normal 
sulphuric acid is one-half of that represented by the formula 
Twp such precipitations should be performed; if these agree the acid 
may be diluted or strengthened, according to the figures obtained, so 
as to make its strength exactly normal. 
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Example (actual). 

lO c.c. of acid prepared as above gave witbl^arium chloride a pre- 
cipitate weighing 1*1824 grms. 

Check 10 c.c, gave 1*1818 grms. 

Mean “1*1 821 grms. 

The acid was therefore too strong in the proportion of 

1*1821 1*0147 T4- 4. n -r 4 - 

== it was therefore necesssary to add 14 ' 4 c.c. of 

l*16o0 1 

W’ater to every litre of solution to make the acid strictly normal. 
After dilution and mixing 10 c.c. yielded 1*1042 grms., showing that 
the acid was as nearly as possible normal. 


(b) Staiidm'dising the acid by means of sodium , — A piece of sodium 
is freed from naphtha by pressing between the folds of filter paper. 
It is then cut rapidly with a knife so as to present a perfectly clean 
surface on all sides, and tx\ansferred by a knife to a stoppei'ed 
weighing bottle (-whose weight has previously been determined), and 
then weighed. From three-quarters of a gram to a gram will be found 
a convenient quantity for this experiment. 

The sodium is now dropped from the weighing bottle into a flask 
of about 350 c.c. capacity, containing about 100 c.c. of pure alcohol 
in which the sodium dissolves quietly. The fiask should be inclined, 
so that a stream of water may be allowed to run over it Avhile the 
sodium is dissolving. After the sodium has dissolved the solutionis 
diluted with its own bulk of w^ter, and a few drops of methyl orange 
indicator or litmus added. The acid to be tested is now run in care- 
fully from a burette until the indicator just turns colour. The 
approximate amount of acid required being easily calculated from 
the amount of sodium taken, one titration will be sufficient if the 
last two or three cubic centimetres be added gradually. The acid 
is then corrected to normal by adding the requisite amount of 
w*ater or strong acid, as indicated by the calculation. Instead 
ofJ»adding more acid, the liquid may be e\'aporated or boiled 
down. Water only evaporates, so that the solution of acid be- 
comes stronger. 


Example (aetual). 

0*6210 grm, of sodium required 25*8 cubic centimetres of acid. 
Check 0*7130 grm. required 29*7 c.c. 

From the definition of a normal solution 23 grms. of sodium 
should require 1000 c.c. of normalacid; therefore0*G21 should require 

- ^ ^'^^^^--27*0 c.c.,and 0*713 should require =.3^*0 


23 


23 


97 ‘>1 

c.c. The acid was therefore too strong in the ratio of or and 

25-8 29*7 

was diluted by adding 12 c.c. of water to every 258 c.c. of acid, as 
indicated by the first ratio. After mixing it was again tried, wh*en 
0*658 grm. of sodium required 28*6 c.c. of acid, showing it to' be 
strictly normal. 

The sodium method in careful hands is very good, and takes but 
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a short time. Unfortunately all samples of sodium are not quite 
pure. 

Another method is to weigh out a few grams of pure dry sodium 
carbonate, dissolve in a known volume of water, and titrate hot, if 
litmus be used as indicator (see below). 

Copper sulphate can be obtained, as before described, in a very 
pure state by recrystallisation. When a solution of this salt is 
electrolysed, using platinum pole plates, pure sulphuric acid is left. 
249 grms. of the salt should yield 1)8 of sulphuric acid. 

It Will be evident that quite a small quantity, say 2*49 grms., will 
give sufficient acid to fix the strength of an alkali solution. 

It is not advisable to attempt to weigh out this quantity, but to 
take a quantity in that region and calculate the amount of water 
required for dilution to standard strength. 

Having obtained an exactly normal acid by the above means, a 
normal alkali may readily be obtained, as it is only requisite to adjust 
the strength so that it exactly neutralises an equal volume of normal 
acid. For a normal alkali either pure sodium carbonate or sodium 
hydroxide may be used. 

Preparation of normal sodium carbonate : 


(2) Normal sodium carbonate. 


Na,CO, = 106 



53 grms. per litre. 


A quantity of pure anhydrous sodium carbonate is gently heated 
in a platinum vessel and allowed to cool. 53 grms. are then 
accurately weighed and dissolved in water in a beaker. The 
solution is then transferred to a litre flask, the beaker washed and 
the washings added, and water then added up to the mark. It is 
mixed by pouring into a dry beaker and stirring, and returned to 
the flask. To test its accuracy 50 c.c. are measured out in a pipette 
and transferred to a beaker. About 200 c.c. of water are added, fand 
a few drops of methyl orange indicator. The normal sulphuric acid 
previously prepared is run in from a burette, when exactly 50 c.c. 
should be required. If too strong or too weak, the amount of water 
or sodium carbonate to be added may be calculated as previously 
explained. 

The sodium carbonate may also be taken as the standard sub- 
stance, and the acid strength fixed or based upon ifc. 

Note. — A beaker or flask of at least 500 c.c. capacity should be 
used for this titi*ation, so as to avoid loss by spirting caused by the„ 
ewluti^n of carboii dioxide gas. 

If the strength of the sulphuric acid has been fixed by the barium 
sulphate method the alkali solution may be more quickly made by 
dissolving about 43 grms. of sodium hydroxide in water and making 
up the volume of solution, after cooling to 15° 0., to 1 litre. On 
testing this against the acid it will be found too strong. Perhaps 
46 c.c. of the sodium hydroxide solution will neutralise 50 c.c. of the 
acid, in which ease every 46 c.c. of the alkali solution will evidently 
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require the addition of 4 c.c. water to reduce to correct strength. 
This*q)i'inciple will now be readily understood. ** 

By the aid of H standard acid and alkali a gi’eat number of 
experiments may be perfoi^med. A good exercise is to find the 
strength in normals of some of the common laboratory reagents. 
Thus the strong hydrochloric acid, of sp. gr. 1*10, will be found to be 
about 10 N ; the strong nitric acid, of sp. gr, l ’4i\ ION; the strong 
ammonium hydrate, sp. gr. *88, 17 N ; and so on. Quantities 
should be taken so as to require about 50 c.c. of the standard acid or 
alkali so that the operation may be performed without having to 
refill the burette ; such quantities may be calculated roughly by 
reference to the figures given. In doing this several grams or cubic 
centimetres of the strong acid or alkali are diluted or dissolved in 
water up to a considerable, but of course accurately known, volume. 
For instance, if 20 grms. of sulphuric were weighed, then 500 or 
even 1000 c.c. would not be too great a volume for it to be diluted to 
for titration. A knowledge of the chemical strength of reagents is 
thus obtained, and the amount required to dissolve any given sub- 
stance may be easily deduced. For example, if it be required to 
know how many c.c. of strong HCl are required to dissolve 10 grms. 
of chalk, it is seen from the equation 

CaCOj -f- 2H01 = OaC4, + H,0 + CO., 

^ • 100 71 

that 1 00 grms. of chalk require 71 grms. of HCl = 2 litres of N. HCl. 
Therefore 10 grms. require 200 c.c. of N. HCl = 20 c.c. of 10 N or 
strong acid. The value of such calculations is quite evident. 

Ammonia solution, nitric acid, and other fuming liquids must be 
weighed in small stoppered bottles, as when exposed to air they are 
losing strength every minute. In the case of ammonia (ammonium 
hydroxide) it is, for the same reason, advisable when titrating to 
quickly add to an excess of acid, and this excess ascertained by the 
addition of normal alkali. As the two solutions raatcji they are like 
the arms of a balance. If too much of one, acid, be used, the excess 
can be neutralised by the alkali, the difference being due to the 
substance under trial. Thus if 10 c.c. of a weak ammonia solution 
he put into 50 c.c. of N acid it is much more than neutralised, and 
may require the addition of 35 c.c. of N alkali to h^dance. The 
quantity of N acid used on the ammonia solution was therefore 
50 - 35 = 15 C.C., or the 10 c.c. contained 15 x *017 NHg. 

In performing a titration of, say, a sodium hydroxide sample 
weigh out a few grams into a beaker or dish, dissolve in a^small 
volume of water, pour this into a graduated flask — say 500 c.c. — ^wash 
out the beaker in which the solution was made by repeated sm^all 
quantities of water until absolutely all the substance has gone, and 
finally make up exactly to the mark on the neck from the wash-bottle, 
being careful to bring the temperature of the solution to as hear^ 
15^ 0. as possible before adding the final water. Now shake 
thoroughly, take 50 c.c. into a dish, dilute with three off' four times 
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a short time. Unfortunately all samples of sodium are not c|uit< 
pure. * ^ 

Another method is to weigh out a few grams of pure dry sodiun 
carbonate, dissolve in a known volume of water, and titrate hot, i: 
litmus be used as indicator (see below). 

Copper sulphate can be obtained, as before described, in a vei"} 
pure state by recrystallisation. When a solution of this salt if 
electrolysed, using platinum pole plates, pure sulphuric acid is left 
24-9 grms. of the salt should yield 98 of sulphuric acid. 

It will be evident that quite a small quantity, say 2T9 grms., will 
give sufficient acid to fix the strength of an alkali solution. 

It is not advisable to attempt to weigh out this quantity, but tc 
take a quantity in that region and calculate the amount of water 
required for dilution to standard strength. 

Having obtained an exactly normal acid by the above means, a 
normal alkali may readily be obtained, as it is only requisite to adjust 
the strength so that it exactly neutralises an equal volume of normal 
acid. For a normal alkali either pure sodium carbonate or sodium 
hydroxide may be used. 

Preparation of normal sodium carbonate : 

(2) Hormal sodium carbonate. 

• — ^ ^ grms. per liti^e. 

r 

A quantity of pure anhydrous sodium carbonate is gently lieated 
in a platinum vessel and allowed to cool. 08 grms. are then 
accurately weighed and dissolved in w\ater in a beaker. 'ffiie 
solution is then transferred to a litre flask, the beaker washed and 
the washings added, and water then added uj) to the mark, jfc is 
mixed by pouring into a dry beaker and stirring, and returned to 
the flask. To test its accuracy 50 c.c. are measured out in a pipette 
and transferred to a beaker. About 200 c.c. of water are added, nml 
a few drops of methyl orange indicator. The normal sulphuric acid 
previously prepared is run in from a burette, when exacdly 50 c.c. 
should be required. If too strong or too weak, the amount of water 
or sodium carbonate to be added may bo calculated as previously 
explained. 

The sodiutB carbonate may also be taken as ihe standard sub- 
stance, and the acid strength fixed or based upon it, 

JSfoTE. — A beaker or flask of at least 5tM) c.c, capacity should be 
used for this titration, so as to avoid los.s by spirting <faused by the., 
evolution of carbon dioxide gas. 

If the strength of the sulphuric acid has been fixed by the luiHiim 
sulphate method the alkali solution may be more quickly made by 
^ dissolving about 43 grms. of sodium hydroxide in water ami making 
up the volume of solution, after cooling to 15^ (A, to I Hire. On 
testing this against the acid it will be found too strong. JVrhap.s 
46 c.c. of the sodium hydroxide solution will neu^r^di^e 5b <*.<*. (if tlm 
acid, in which case every 46 c.c. of the alkali solution will evidently 
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require the addition of 4 c.c. ^vater to reduce to cori’ect strength. 
Thisqprincipie will now he readily understood. 

By the aid of 5, standard acid and alkali a great number of 
expeidments may be performed. A good exercise is to find the 
strength in normals of some of the common laboratory reagents. 
Thus the strong hydrochloric acid, of sp. gr. ITO, will be found to be 
about 10 N; the strong nitric acid, of sp. gr. 1'42, 10 N ; the strong 
ammonium hydrate, sp. gr. -8^^, 17 N ; and so on. Quantities 
should be taken so as to require about bO c.c. of the standard acid or 
alkali so that the operation may be performed without having to 
refill the burette ; such quantities may be calculated roughly by 
reference to the figures given. In doing this several grams or cubic 
centimetres of the strong acid or alkali are diluted or dissolved in 
water up to a considerable, but of course accurately known, volume. 
For instance, if 20 grms. of sulphuric were weighed, then 500 or 
even 1000 c.c. would not be too great a volume for it to be diluted to 
for titration. A knowledge of the chemical strength of reagents is 
thus obtained, and the amount required to dissolve any given sub- 
stance may be easily deduced. For example, if it be required to 
know how many c.c. of strong HCl are required to dissolve 10 grms. 
of chalk, it is seen from the equation 

CaCOg + 2H01 = CaCl., + H,0 -f- 00^ 

' 100 71 

that 100 grms. of chalk require 71 grms. of HCl = 2 litres of N. HCl. 
Therefore 10 grms. require 200 c.c. of N. HCl = 20 c.c. of 10 N or 
strong acid. The value of such calculations is quite evident. 

Ammonia solution, nitric acid, and other fuming liquids must be 
weighed in small stoppered bottles, as when exposed to air they are 
losing strength every minute. In the case of ammonia (ammonium 
hydroxide) it is, for the same reason, advisable when titrating to 
quickly add to an excess of acid, and this excess ascertained by the 
addition of normal alkali. As the two solutions raatcji they are like 
the arms of a balance. If too much of one, acid, be used, the excess 
can be neutralised by the alkali, the difference being due to the 
substance under trial. Thus if 30 c.c. of a weak ammonia solution 
be put into 50 c.c. of N acid it is much more than neutralised, and 
may require the addition of B5 c.c. of N alkali to Jp^lance. The 
quantity of N acid used on the ammonia solution was therefore 
50 - 35 = 15 c.c., or the 10 c.c. contained 15 x *017 NHg. 

In performing a titration of, say,- a sodium hydroxide sample 
weigh out a few grams into a beaker or dish, dissolve in 
volume of water, pour this into a graduated flask — say 500 c.c. — wash 
out the beaker in which the solution was made by repeated small 
quantities of water until absolutely all the substance has gone, and 
finally make up exactly to the mark on the neck from the wash-bottle, 
being careful to bring the temperature of the solution to as near^ 
15^ 0. as possible before adding the final water. Now shake 
thoroughly, take 50 c.c. into a dish, dilute with three orjfour times 
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as much watei’, add a few drops of litmus, and then commence the 
addition of hi acid dntil the litmus changes just to red. * 

Suppose 7*5 grms. of a *‘soda’’ had been weighed and ilissolve<l 
in e500 c.c. water, and ijO c.c, of this soda ” liquid required H c.c. of N 

acid. Each c.c. of N acid contains *019 grm. of PLSO,. 


is equivalent to- 


2]SraOH = 80 
2 


or each c.c. of acid is equivalent to ‘0-1 0 


of sodium hydroxide. Therefore the 50 c.c. of soda ” are equivalent 
to 'Otto X 8 = *820 NaOH, and this amount was contained in 50 c.c. or 
one-tenth of the original subslance. Therefore in 7*5 grms. of this 

‘^soda’’ 8-20 grms w'ere NaOH; that is, i = 42’r) per cent. 

rh 

One advantage of making up a solution, to be tested, to a con- 
siderable volume is that the expeidment may be several times 
repeated. The results may not be absolutely the same each time, but 
should differ but a few tenths of a cubic centimetre. The mean of 
three or four near results can then be taken. 

F otassium <permanganate is one of the most powerful oxidising 
agents known. Whether as a solid or in solution in water it can 
easily give up a certain quantity of its oxygen content. Its com- 
position is represented by the formula and under ordinary 

circumstances five-eighths of this oxygen ( = 80) is giv.en up. It « 
generally necessary that an acid, such as sulphuric, be present at 
the same time, otherwise the oxides of potassium and manganese are 
liberated, and may possibly interfere with the progress of the reaction. 
For example, alcohol is oxidised by this substance to aldehyde and 
acetic acid, but unless some sulphuric acid be present some })otassi urn 
acetate and solid manganese dioxide are produced. The latter 
somewhat impedes the reaction. 

Alkali 'permanganates alone are soluble in water. They hav<^ 
very great tinctorial power. A litre of water may be tintcal ]>ink 
by a quantity of potassium permanganate too small to be inthTattal 
by any balance'^ The colour of the permanganate is tlie indicator. As 
oxygen is taken from it the colour fades. Wlien thf^ substance has 
become fully oxidised the colour of the least excess of permanganait* 
remains. With mineral compounds, salts, dm,, of metals its action is 
comparativel;^ simple. Thus sulphurous acid becomes sulphuric, 
feiTous oxidelerric, dc. With some eaiTon eompotinds its oxidising 
action is sometimes more complex. 


^RE?ARATION OF DECINORMAL PERMANGANATE 
SOLUTION. — The molecular weight of the |>ota.ssium salt 
KgMn^Oj, 811). It is not suiliciently soluble to allow of this qinuiiity 
in grams being dissolved in a litre of water, ncu* would such a 
strong solution be convenient or ac<nirato in u>(*. A t.enih or 
d^cinormal solution, or oven a centinormal oim, is ju-eferabha 

As the available oxygen is represeiitod by 5 atoms in the ab(»vo 
formula, and as oxygen is divalent, or equivakaii to 2M, it follow.s tlait 
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K.,Mn,0, 

r — ri 2 

5x2 


will be the weight of salt in a litre of a noi*mal solution 


and 


KoMn^Og 

Too 


3'IG grms. the weight of salt in a litre of clecinormal 


strength. 

Dry a quantity of pure potassium permanganate crystals by 
gently wrarming, and after cooling weigh out exactly* 3-10 grms. 
Transfer this to a beaker, dissolve in water, and pour the solutions 
into a litre Task. The crystals dissolve rather slowly, and it is advis- 
able to pour the first water into the graduated flask after being in 
contact with the crystals for about five minutes, stirring being 
frequently resorted to. Fresh water is then poured over the 
remaining ciystals, and so on until the solution is completed. The 
beaker is then thoroughly rinsed out, the washings being poured into 
the flask, and water added to the mark. Mix as usual by pouring 
into a beaker and stirring and returning to the flask. 


STANDARDISING THE POTASSIUM PERMANGANATE 
SOLUTION. — The best method of obtaining the exact strength of 
the solution is by employing ferrous ammonium sulphate, which may 
be obtained pure. This salt is also convenient for calculation, as it 
contains exactly one-seventh its weight of iron, as will be apparent 
from the fornrula, FeS 04 ,(NH 4 ) 2 S 0 .j, 6 H 20 , the atomic weight of iron 
being 5G. (See also ante,) Wtjpn acted upon by potassium per- 
manganate in the presence of sulphuric acid, the following reaction 
takes place (neglecting crystal water) : 

K,Mn,0« + 10 Fe(NHJ.,(BO,), + 8 H,SOj - oFe^XSO^T, + 2MnSO, 

-f 1 0(NHJ2SO, 4- K;S0, -1- 8Hp. 

From the above equation it will be seen that 31 G grms. of per- 
mangj^inate react with 10 x r>G = 5G0 grms. of iron. Therefore 3TG 
grms., or 1 litre of decinormal solution, would react with 5-6 grms. 
of iron, and 100 c.c. would react with *5G grms. of iron, and 1 c.c. react 
or be equivalent to *0050 of the metal or give -0008 of oxygen. The^ 
weight of ferrous ammonium sulphate containing this quantity of 
iron is *50 x 7 = 3*02 grms. Weigh out about 1 *5 grms, of the pure 
salt, dissolve in cold water in a beaker, and add dilute siilphuric acid 
to make the solution' nearly normal in strength. This may be ac- 
complished by adding to the water solution about one-eighth its bulk 
of 1 in 5 sulpbuidc acid. Then run in the permanganate solution until 
the addition of one drop produces a permanent pale pink colour m tli^ 
liquid. The colour may be detected more eavsily if the beaker be 
allowed to stand on a sheet of white paper ; better still if a white 
porcelain dish be employed. The amount of solution used should 

* Note that it is sometimes very difficult to weigh out any particular 
amount of a substance. If 100 grms. are wanted to be dissolved in 1000 c.c? 
water, as nearly 100 grms., say 98*7000, are weighed, and then obviously the 
proportionately amount of water used. 
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f)2 

be such that — — should equal 100, as i>i)2 grms. of 
weight of salt taken . 

the salt require 100 c.c. 


Example (actual). 

(a) I'Gl g’rms. of ferrous ammonium sulphate required 11 *1 c.c, 
of permanganate solution ; 

(/)) 1*500 grms. required r>8*4 c.c. 


r>*92 X 41*1 

TgI 


100 * 0 . 


?r^2 X 38*4 
1*506 


100*0. 




The solution was therefore practically decinormal. 

permanganate can be employed to ascertain the amount of iron 
in any iron compound. The substance should be in sulphuric acid 
solution, and halogen salts be absent, or if present the solution be 
highly diluted. It is advisable that all iron solutions be well diluted. 
The action is particularly rapid and takes place cold. 

Iron in the ferric state must be reduced ” to ferrous before the 
employment of permanganate. This may be accomplished in various 
ways. - 

A ferric iron solution, the sulpjtiate, is rapidly reduced by boiling 
with pure zinc. Free sulphuric acid must be present. Aluminium 
or magnesium may sometimes be used for this purpose. Boiling with 
sodium sulphite will also reduce the iron, but care must be taken 
that every trace of the sulphurous acid is expelled. 


OXALIC ACID, and all oxalates are oxidisable by perman- 

ganate. Oxalic acid on oxidation is decomposed into two molecules 
of carbon dioxide and one of water ; or -f 0 = H.,0 -fr2UO.,. 

The molecular weight of the anhydrous acid is 2 + 24 + 61 — Ihh 
So that 90 grms. of the acid require 10 grms. of oxygen for oxidation. 
^But the permanganate contains but *0008 of available oxygen perc.e., 
and is therefore equivalent to *0045 of oxalic acid. The ordinary 
acid contains two molecules of water. 

Many metallic oxalates are insoluble in water. They as well 
as the free acid are oxidised by permanganate in mmu dilute suL 
phuric acid solution. For experiment the acid is <lissolved in water 
acidulated with sulphuric acid, and a measured voknno lu*ated to 
ffcbour^ 80° before the permanganate is added. 

Many metals, such as calcium, the oxalates of which are in- 
soluble in water, can be estimated by permanganate, by Ixntig pre<d- 
pitated as oxalate, the salt washed free from acid, mixed with dilute 
diot sulphuric acid and titrated hot. Calcium oxalate ha.s the com- 
position OaC 2 O^ = 40 + 24 + 04 = 128. This would require 1 6 of 
oxygen, but as the permanganate gives •{)0(.)8 per c.c,, each c,<\ is 
equivalent to *0020 of calcium. 
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Oxalates of other metals, as co 2 :iper, zinc, nioRel, should be made 
by the student and investigated by the permanganate method. 

IODINE AS AN OXIDISING AGENT. — Iodine in the presence of 
water acts as a gentle oxidising agent similarly to chlorine. For 
instance, and many other substances can he 

oxidised a definite stage. On the other hand, an iodide like potas- 
sium iodide is easily oxidised, or, at any rate, decomposed so that 
free iodine results. The colour of free iodine is almost a good 
enough indication by itself, but in contact with staich an extremely 
small amount of iodine is made evident. With sodium thiosul- 
phate iodine acts in a very definite manner as far as the iodine is 
concerned, a perfectly colourless compound being produced. 

The two solutions iodine and thiosulphate can therefore be used 
as a sort of couple for volumetric work, and are spoken of as iodine 
and thiosulphate.’^ They can be employed both in cases of oxidation 
and reduction, and in consequence have a more extended applica- 
tion than many other volumetric solutions. The above are instances 
of oxidation, the action with SO^, or sulphites, being : 

SO, -1- 2H,0 + I, = 2HI + H,SO,. 

Oxidising agents, as chlorine or nitrous acid, liberate iodine from 

and other iodides. Thus : Cl, + 2KI = 2 KOI -h I,. 

With sodium thiosulphate the action is : 

2Na, SSO, + T, -\>NaI + Na,8,0^. 

Chlorine and bx*omine act much more energetically thfin this, 
producing sulphuric acid as one product. 


PREPARATION OF A DECINORMAL SOLUTION OF IODINE. 


# 


Iodine = 


126-5 

10 


12’ 65 gi’ms. per litre. 


Iodine as purchased is not sufiiciently pure for this purpose, 
and must be purified before being employed. A simple method for^ 
purification is to grind up ordinary iodine with about one-fourth its 
weight of potassium iodide and then heat gently in ' a dish covered 
with a funnel. Pure iodine ■will then sublime and deposit on the 
sides of the funne^, any bromine or chlorine which may be present 
combining with the potassium and liberating an equivalent of 
iodine. The crystals of sublimed iodine are collected in a weighing 
bottle, which should be kept in a desiccator over siilphuric*^cid^ 
The bottle + iodine is weighed, the weight of bottle being known. 
The bulk of solution of strength which may be made by the 
iodine present may then be calculated as follows ; 


Let X = weight of iodine. ♦ 

Then, since solution contains ,12‘65 grms, per litre, th^ 

required bulk of vsolution will be 

^ 1205 
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Example. 

Weiglit of bottle + iodine = 2r)’7or)0 grms. 

,, bottle only 1 8 ’ 2<S{K ) „ 

iodine ™ „ 

7'4l^5() X UM)0 

Bulk of solution required = == o.Sd'i) e.e. 

The vessel containing the iodine is now placed, (juickly, in a 
beaker containing a solution of potessinrn iodide, neaily twice as 
much of the iodide as there is iodine by weiglit. The reason for 
this is that iodine is scarcely soluble in water alone, but appears to 
form double iodides — tri-iodides (?) — which in the ease of the alkali 
ones are very soluble. 

The solution is now transferred to a convenient measui-ing flask 
of less than the required bulk of liquid. The beaker is carefully 
washed with potassium iodide solution, this water all going into 
the measuring flask, which is Anally filled to the mark. The remain- 
ing odd cubic centimetres, and fiuctions, of w'ater i-eijuired are run 
into a large, dry beaker from a burette, the contents of the flask is 
then poured into this beaker, and the whole well mixed by stirring. 
The flask should be rinsed out with the mixture, and the rinsings 
poured back. The solution is then ready for use. It must not be 
exposed to air, but kept in a stoppered bottle. ^ ^ 


The above 7*125 grins, of iodide were dissolved in loOc.c. of 
water containing about 11 grms. of potassium iodide, and the solu- 
tion transferred to a 500 c.c, flask. As the final bulk reqiiii*ed was 
586 '0 c.c., 50 c.c. were delivered into a dry beaker from a pipette, 
and the remaining 86* 0 from a burette. The ’whole was then mixed 
as described. 

N.B. — This iodine solution will keep unchanged for a long time 
in a stoppered bottle if the bottle be wrapped with brown paper to 
exclude light or if kept in a cupboard. ^ 


JPREPARATION OF A DECINORMAL SOLUTION OF SODIUM 
THIOSULPHATE. 


10 


2-l*8 grms. per litre. 


When iodine reacts with sodium thiosulphate, the equation wdiicli 
represents the reaction is as follows : 

• ^ + I, =:= 2NaI + Na,B,(.),, 

From this it will be seen that only one-half of tlie stidium rcruds 
with the iodine; hence the weight expressed by tj.a 11^0 in 

grms. will be contained in a litre of normal solution, unll one-lenUi 
qjf this amount in a litre of decinormal. 

Pure crystals of thiosulphate are powdered ami drital by pressing 
between the folds of blotting paper; 24*8 grms. are then weighed 
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out accurately, or, as before stated, the proportionate amount of water 
added^ dissolved in water, and the bulk made ujf to a litre. 

Freparaiiooi of siarch indicator . — ^ About 60 c.c. of water are 
placed in a large test-tube ; as much starch powder as would cover a 
sixpenny piece is added, and the solution heated and allowed to cool. 
This indicator should be freshly made each time it is required for a 
given set of titrations. As is well known, such a starch solution 
strikes a deep blue colour with iodine, which is destroyed, however, 
by an excess of sodium thiosulphate. Hence it roay be used to 
determine accurately the end reaction between the two solutions. 

TITRATION OF THIOSULPHATE SOLUTION BY IODINE 

SOLUTION. — 25 c.c. of thiosulphate solution prepared as above are 
placed in a beaker; about 75 c.c. of water and a little starch solution 
are added. The iodine solution is then run in from a burette until 
one drop produces a permanent blue colouration, showing the com- 
pletion of the reaction. 

Example (actual). 

25 c.c. of thiosulphate solution required 24*8 c.c. of iodine solution 
Check 25 c.c. of thiosulphate solution required 24-7 c.c. of iodine 
solution. 

^ The thiosulphate solution was, therefore, too weak, and was 
brought to standard strength by evaporating until its bulk was re- 
duced to J of the original.*^' I# was then found to be correct. 

The converse of this titration, 7.6., running the thiosulphate 
solution into the iodine, is conducted by adding the former until 
the iodine solution has only a faint yellow tinge, then adding the 
starch indicator, and running in the thiosulphate solution, drop 
by drop, until the colour is just discharged. The solutions must 
be agitated. 

PREPARATION OF A STANDARD SOLUTION OF SILVER 
NITRATE. — The reaction between silver nitrate and soluble chlorides 
may be represented as follows ; AgN -F NaCl = AgOl + NaN 0..^ 
For most analyses silver nitrate is usually made into a solution of 
such strength that 1 c.c. is the equivalent of 0*001 grm. of chloiane, 
such solution being found most convenient for the titrations izi 
which the salt is employed. As 108 grms. of silver combine with 

108 

35*5 of chlorine, it follows that = 3*042 grms. will combine with 

ou‘D 

3* grm. of chlorine. If, therefore, a solution be made so that Lhtrjg 
contains 3*042 grms. of silver, every c.c, would be the equivalent of 
0*001 grm. of chlorine. The solution may be prepared by weighing 
out this quantity of silver and treating with nitric acid ; but it is 
much more convenient in practice to use the prepared salt, siivei; 
nitrate, 4*788 grms. of which contains 3*042 grms, of silver. 

* It is best to evai^orate a little too much and again titrate. Standing in 
an open dish in a dry place will often be sufficient. 
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4*788 grms. of ^le salt are weighed out accurately and di.^solved 
in water, or a quantity weighed and the calculated amount of water 
added, as previously mentioned, and the bulk made up to i litre, ddie 
solution is thoroughly mixed in the usual way, and is then ready for 
use. It should be standardised by transferring oO c.c. to a beaker by 
the aid of a pipette, precipitating with HCl, and weighing. The pre- 
cipitate should weigh 0*2021 grin, (as may be calculated) ; and tie 
solution should be weakened or strengthened as in the previous easts, 
according as the precipitate weighs more or less than the above 
amount. 

Silver nitrate may be used for titrations in two ways : first, by 
using potassium chromate as an indicator, in which case tlio solution 
must be neutral ; secondly, by observing the point when no further 
precipitation is caused in the liquid undergoing titration. An 
example of each of the above methods is given in illustration. 

Estimation of chlorine in onlinanj -water. — 100 c.c. of the sample of 
water are placed in a beaker, and three or four drops of potassium 
chromate, solution added. The silver nitrate solution is then 

run in from a burette at the rate of two drops per second, until a. 
distinct red tinge appears in the liquid. A reading is now taken, 
and another 100 c.c. of the water submitted to titration, care being 
taken, as in the previous estimations, to run in the last few dro|^ 
carefully, so that the end of the reaction may be exactly determined. 
Any indehniteness in the colour m«iy be obviated by adding a little 
salt solution to the contents of the beaker in which the lirst rough 
titration has been performed and stirring, when the red colour will 
disappear, and the solution may be used for comparison with the 
one undergoing the more accurate titration. When one drop of the 
silver nitrate solution produces a deeper tint than that possessed by 
the standard, the reaction is completed. Extremely accurate titra- 
tions may be made in this manner. ’ 

The action of the indicator depends upon the fact that" in a 
solution containing chlorides and a chromate the redsilvtr chromate 
does not precipitate until the whole of the chlorine present has com- 
•bined to form silver chloride. 

Example. 

100 c.c.*o# well water required 42-4 c.c. of standard silver nitrate 
solution. 

Check 100 c.c. required 42*3 c.c. 

Since 1 c.c. of standard silver nitrate = *()()] grm. of (-hlorin#^, 
tfiere^as 0*0423 grm. of chlorine present in 1 00* c.c. of solution 
^ 42-3 parts per 100,000. This sample was eontamiuated by 
sewage. 

Solutions of brine or sea-water may be titrated by the above 
fhethod, and will form useful exercises for the student. 

Esthnaiion of chlorine in common salt or Holnhle cMorUh.^ in/ pr**ei‘jn- 
tation method. — eigh out about 0*08 grm. of the <lried spt*ciinen, and 
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transfer to a stoppered bottle of about 200 c.c. capacity. Dissolve in 
aboutT 100 c.c. of water, and add the silver nitrafte solution 1 c.c. at a 
tinae, placing the stoj^per in the bottle and shaking well after the addi- 
tion of each c.c. The precipitate of silver chloride formed will by this 
means speedily settle to the bottom of the bottle, leaving the liquid 
clear. This process is repeated until a given c.c. of liquid reagent 
ceases to produce a cloud in the solution, when the reaction has been 
completed. A second estimation is now made, running in the whole 
amount previously used, less 2-^ c.c., at one operation. The silver 
niti’ate is now added drop by drop, shaking between each drop again 
being resorted to, until a given drop is seen to produce no precipitate, 
when the reading of the burette may be taken. 

By preparing a standard solution of common salt equal in strength 
to the silver nitrate solution (an operation the student should now 
be able to perform), the reverse of the above process may be used, 
and the amount of silver in a solution estimated by running in the 
standard salt solution. An excellent exercise for this purpose is to 
estimate the silver in a silver coin, by dissolving a weighed quantity 
in nitric acid, and adding the standard salt solution in precisely the 
same way as the silver nitrate is used in the precipitation process. 
A convenient quantity of the coin to take for the purpose is about 
OT grm. ; or about -ugrm. of the coin maybe dissolved in nitric acid 
in a beaker, the solution transferred to a 250 c.c. flask, and water 
^dded to the mark. After mixing, 50 c.c. may be withdrawn with a 
pipette for titration, and the re^lt checked by repeating the process 
on another 50 c.c. of the solution. 

Any doubt as to whether the reagent has been added in excess 
may be decided by adding the converse reagent drop by drop. The 
first drop should produce a slight precipitate, the second mZ If the 
.end reaction has been considerably exceeded the amount of converse 
reagent required to jeact with the excess must be deducted from the 
amount of solution used. 

Exafnple. 

•5 grm. of a silver-copper alloy was dissolved in'^about 5 c.c. of 
strong HMO3, the solution and washings transferred to a measuring 
flask and diluted to 250 c.c. 

50 c.c. of this solution was transferred by a pipette to a bottle, 
a little water added, and standard salt solution run in as above de- 
scribed. Since every c.c. of solution contained '001 grin.^of chlorine, 

the silver equivalent of 1 c.c. would be = *0030 42 grm. 

(5f silver. ^ ^ 

1st, 50 c.c. z^equired 24 0 c.c. of standard salt solution. 

2nd, 50 c.c. required 23*8 c.c. of standard salt solution. 

Since one-fifth of weighed amount was taken, the silver present 
in total amount taken == 23‘8 x *003042 x 5 = *362 grm. ^ 

Or , calculated as a percentage, ^^ ,5^9 . = 72*4 percent, of silver 

in alloy. 


7 
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PREPARATION OF A DECINORMAL SOLUTION OF POTAS- 
SIUM DICHROMATE.— K, Cr.,0. = ™ o atom 8 — a.vailablt3 

oxygen, equivalent to Ull, or -p— ™4"9ir) gnus, per litre. 

When potassium dichromate reacts on a ferrous salt in the pre- 
sence of an acid, tlie latter is oxidised to the ferric stain, as may he 
expressed by the following equation : 

Iv,0r,0„ + (iFeBO, -t- 7H,SO, - ;JFe,(SO,), + Or, (SO,), -h K,S(d, + 711,0. 


As in the case of the permanganate solution, the amount of salt 
I'equired must be calculated from the amount of available oxygen in 
the salt. The molecule K^Or^Oy contains three available atoms of 
oxygen ; and as oxygen is divalent, a normal solution would be 

K Or 0 

represented by the weight ^ per litre, and a decinormal by 

8x2 


K,Orp. 

'*60 


4-015 grms. per litre. The decinormal solution of this 


salt is found to be the most convenient strength in practice. To 
prepare the solution a quantity of potassium dictii’omate crystals are 
just melted in a porcelain crucible, so as to completely expel water. 
It is removed from the crucible, crushed and powdered, and 1*0]^ 
grms. weighed out carefully (or as |)efore mentioned). The weighed 
quantity is then dissolved in water in a beaker, the contents and 
washings poured into a litre flask and water added to tlie mark. 
After mixing in the usual way the solution may be standardised as 
follows : 

About 0*2 grm. of clean, annealed iron wire (approximately 09*7 
per cent, of iron) are placed in a flask of about 1 50 c.c. capacit}^ and 
50 c.c. of dilute sulphuric acid poured in from a measuring cyiimler. 
A watch glass of slightly larger diameter than the rim is pla(‘e<),over 
the flask, which is then warmed until the whole of the metal has 
dissolved. The solution is immediately poured into a beaker, the 
^.flask washed with boiled distilled water and the washings adileil, and 
the bichromate solution run in from a burette. The colour of I lie 
bichromate turns from yellow to green on entering the li«|uid, but 
the end reaj^tion is not visible in the solution. An indicator is 
found, however, in potassium ferricyanide, which giv<*s a, deep blue 
colour with a ferrous salt, but no such colour with a, fendcsalt. 'Jdut 
ferricyanide, however, must not be introduced into the liquid undcu’- 
gping. titration, but a freshly prepared solution spotted enun* the 
surface of a white tile or on a filter paper, and after each additioti of 
bichromate a drop of the liquid is removed by aglassrotiund allowed 
to fall on a spot of ferricyanide. As soon as a given drop of the 
solution ceases to cause a blue colour in the indicator, the r<‘acticn is 
complete, all the ferrous salt being completely converted into Ferric. 
The last 2 c.c. of solution should, as usual, be run in (?antious1y, 
drop by drop, and the liquid tested after each addition. 
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Examj)le. 

i)‘2l2 grm. of pianoforte wire wa« dissolved and titrated as 
above described, and required 37'7 c.c. of bichromate solution. 

Iron actually present in sample — *21^ x *1)1)7 = *211o grm. 

lo 

Therefore 1 c.c. of solution = = 0*0050 grm. of iron, 

O i * 4 

The solution was therefore decinormal. 

Estimation of amount of iron in iron ores, d'C . — The previous 
description of the treatment of the iron solution in standardising 
the bichromate solution will suffice to show how these estimations may 
be performed when a standard solution of bichromate is at hand. 
The result may be checked by titrating another sample with the ^ 
potassium permanganate, the preparation of which has been described. 
It is advisable to heat the acid strongly in dissolving pig iron, as the 
carbon present may otherwise form compounds which vitiate the 
result. 

In the case of iron ores, where hydi-ochloric acid is used to 
dissolve the compound, the use of permanganate is inadmissible ; the 
bichromate, however, succeeds equally well in this case as when 
sulphuric acid is employed. When the iron in ferric compounds is 
to be estimated, the solution must be reduced to the ferrous state 
by metallic zinc or sulphur dioxide. 

It should be remembered that in all titrations in which perman- 
ganate or dichromate are emplo/ed the acid present takes a part in 
the process, and should be present to such an extent as to render 
the solution about normal (N) in acid strength. 

SILICON in metals. — Cast irons sometimes contain a considerable 
amount of silicon. When these irons are dissolved in an acid, as 
HCl, most of the silicon becomes oxidised to a hydroxide of Si, but 
in some cases silicon itself may be separated along with graphitic 
carb^. 

Before commencing the analysis of a east iron for silicon and 
carbon some idea of the approximate amount j^resent is generally to 
be obtained. Weigh from 2 to 5 grms. of theqron in the form of fine 
turnings into a beaker, cover with a clock glass and add N.HCl in 
quantities of about 10 c.c. at once and at intervals as the action 
slackens ; warm gently. When the action has nearT/* ceased add 
5 c.c. N.HNOg and 10 to 20 c.c. of 5N. H^SO^ and heat on a steam 
or sand bath until nearly all the liquid has evaporated. This will 
take some time. All the HOI and water will go off, leaving a 
moderately concentrated sulphuric solution. This will com^eteTy 
dehydrate the hydrate of silicon, or silica. Now add about 5 c.c. 
strong HCl, warm gently, and then dilute with hot water The object 
is to get all the iron into solution as chloride and sulphate. 

Filter off the black residue, which consists mainly of graphitfc 
carbon and silica, SiO^. ♦ 

Wash thoroughly with hot dilute HOI and then hot water, place 
the wet, but drained, filter paper in a platinum crucible and ignite 
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for some time in J3he muffle or over the blowpipe. The residue 
should be nearly white. If still grey or blacI^;some graphitic carbon 
may still be present. Sometimes this may be burnt oil by heating 
the crucible and blowing in a very gentle stream of oxygen from 
the oxygen bottle. As a rule, however, the carbon burns oil* com- 
pletely after heating for some time in the muffle with a good air 
draught. It is possible to get a good idea of the amount of graphitic 
carbon by first igniting gently over a Bunsen fiame so as to burn 
off the fflter paper,, weighing the silica -f- carbon, then heating in 
oxygen and weighing again. 

The amount of carbon in cast iron or steel can be best ascertained 
by burning or oxidising the metal and its contained carbon. The 



carbon will form CO^, which can be absorbed in KHO or in soda-lime, 
as in the case of organic substances (see p. 110). 

Very little apparatus is needed for this analysis. A supply of 
oxygen, a combustion tube about 12 ins. long and § or h in. 
diameter, a drying and absorbing arrangement, a porcelain boat, or, 
better, a boat made of thin sheet copper. ^ 

The cast i^’on must be in fine turnings or filings. Weigh the ooai, 
which should be carried in the test-tube carrier, half fill with the 
oiron, and weigh again. Now cover the iron witli as much }Uiro diy 
lead bichromate as the boat will hold, pressing it down tightly and 
cleanly on the iron. Arrange the U tubes as in Fig. Id (only the KOll, 
or soda-lim^,Titubes are weighed), insert the boat, and allow a gejit]<s 
stream of oxygen to flow through. Then heat up the tube under the 
boat, at first with a large Bunsen flame until the lead ehuunato melts, 
and then, if possible, assist with a large blowpipe flame, .rhe iron 
glow brightly quite through. The end can be Si‘en pretty 
distinctly, as when the iron and carbon are fully oxidised the emdents 
of the boat cease to glow or appear any hotter than the glass tube. 
Allow the oxygen to passthrough for at least ten minutes after this. 
JDetach the OO^ absorption tube, cool for a little time, and weigh. 
gontains of its weight of carbon, Tlu'refore of the gain in 
weight of the absorption tube x 100/weight of substance — Carbon 
per cent. 
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SULPHUR. — Hydrogen sulphide is liberated not only when sul- 
phides, as FeS or are dissolv-ed in acids, as*H01, but also when 

some metals, as iron/<fec., which contain sulphur in some form, possibly 
as dissolved or combined sulphides (?), are acted upon by acids o 
that hydrogen is generated. 

Cast irons generally contain some sulphur, and when these irons 
are dissolved in HCi the sulphur escapes with the hydrogen, mainly 
as SHg. This gas, on coming in contact with bromine and water or 
alkaline permanganate solution, is oxidised, the sulphur forming 
sulphuric acid, which can then be converted into barium sulphate. 



The amount of sulphur in irons and other metals is generally 
small. The apparatus (Fig. 44), in which the metal can be dissolved 
and any evolved sulphur compound caught, almost explains itself. 

Several grams of the substance are weighed into c. Ti^-dask h must 
at -first be empty and dry, and a current of hydrogen sent through 
the ’whole apparatus so as to expel air. Then acid is let into h 
from the stop funnel so that the hydrogen drives some liquid HCI 
over into the substance flask, a little at a time, which can be ^egi>- 
lated by the tap. The tube /slides easily through the cork of the. 
flask. The gas should not pass quicker than two or three bubbles 
per second through d, which contains bromine dissolved in HOI, in 
which it is more soluble than in water alone. When all the sub-* 
stance is dissolved a gentle heat may be applied to c, and the ga§ 
thoroughly expelled by the hydrogen current. Any excess pressure 
of hydrogen is regulated by the escape tube 6, which dips into half 
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an incli of mercury or a few indies of water, a contains sodium 
hydroxide solution to absorb any sulphur from tlie hydrogen used. 

After the action is complete the contents of d are washed out 
into a beaker and the TUSC)^ precipitated by BaCl,, and treated as 
under or barium. 

Sulphides may sometimes be treated in this manner. If a 
weighed quantity of a suljihide, as PbBj ,be mixed witli due in tlie 
flask c the sulphur is more completely and quickly removed as 
Only very small quantities need to be taken for this method. 

Many other methods are in use besides this one for the Owstimation 
of sulphur in irons and steels, he. As this book is not intended to 
instruct on special technical details, but mainly on principles, they 
cannot be introduced. If an iron or steel is dissolved in dilute 
nitric acid to which a little bromine water, sufficient to colour it 
faintly, is added, any contained sulphide is oxidised into sulj)huiic 
acid, which may be precipitated by barium salt as usual. Weigh from 
2 to 5 grms. of the steel, and dissolve in IsT, nitric acid in a large flask. 
The acid may be diluted with bromine water, or the latter allowed to 
drop into the flask as the action is proceeding. When all is dissolved 
the solution is diluted to at least 500 c.c., Altered hot, and then kept 
boiling whilst the barium solution is being added and until the barium 
sulphate settles out. 

The danger lies in the coprecipitation of iron salts. Another plan 
is to dissolve in the least possible quantity of N. nitrfc acid, evapo- 
rate to complete dryness, whereby Most of the ferric ijitrate is decom- 
posed, add 1 or 2 grms. of sodium peroxide, then water my/ careful 
and after the violent action has ceased dilute, boil, filter, acidulate witli 
HCl, and precipitate with BaClg as before. Great care is requii'ed 
in using the sodium peroxide, as it reacts violently with water and 
may crack the fiask or spirt out lubstance. 

PHOSPHORUS is present in most pig irons, and also in very small 
quantities in steels, in some phosphor-bronzes, &c. ^ 

Special methods are sometimes used for the estimation of this 
substance. 

• For pig or casfc iron one method is to dissolve a few grams of tlie 
turnings (2 to 10, according to the probable amount of phosphorus) 
in N. nitric acid, adding the acid only in small quantities at a time am! 
warming uirt^ solution is obtained. It is then evaporated to dryness, 
on a water bath, to make any silica insoluble, redissolved in hot diiuie 
nitric, filtered, and to the clear warm filtrate a solution of ammonium 
molybdate, containing excess of ammonium hydroxide, added until 
tfeere^is a thick red precipitate" and the odour of ammonia is evident. 
Strong nitric (1*2 sp. gr.) is now added until all the red precipitate 
is redissolved and the solution is strongly acid. A yellow, veay finely 
divided pi^ecipitate will appear. It is am monium phos}>ho-moly bdata. 
The liquid should be kept warm (80° 0.) for some Iiours to allow tlm 
substance to form and completely settle. It may them be filtered off 
and washed with very dilute nitric acid, in which it is (piite insoluble. 
It may be dried at 100° C. and weighed, the filter paper having been 
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previously dried and weighed, but if in large quantity is best dissolved 
from tlie filter paper by warm ammonium hydroxide. When mag- 
nesium chloride, or sulphate, is added to this ammoniacal solution, 
magnesium ammonium phosphate is formed, and must then be treated 
as under magnesium or phosphoric acid as described ante^ p. 74. 

Manganese is nearly always present in irons, and nickel in some 
steels and other alloys. 

These metals may be separated as follows : Several grams of the 
iron are dissolved in HCl. After solution small quantities of nitric 
acid are added to convert the salt into ferric chloride. Large excess 
of either acid must be avoided. 

The ferric solution is then diluted and placed in a large porcelain 
dish and nearly neutralised with sodium hydroxide or carbonate. 
No permanent precipitate must be left. It is raised to the boil- 
ing temperature, and a solution of sodium acetate added, and the 
boiling continued until a copious red precipitate has foi'med and the 
odour of acetic acid is apparent in the escaping steam. It is now 
quickly filtered through a folded paper. The filtrate must be 
absolutely colourless, unless nickel is present in some quantity, and 
clear. It contains the manganese and nickel, all the iron having 
formed an insoluble basic salt — half acetate, half hydroxide of iron. 

To this clear filtrate bromine water is to be added until the 
whole appears yellow, and then a few c.c. N. sodium hydroxide solu- 
tion. The teitiperature of the liquid should be about G0°-80°0. A 
black precipitate of the peroxicUs of manganese or nickel gradually 
forms. The liquid should stay in a warm place for a few hours. 

If either one only of the two metals mentioned is present the 
precipitate is to be well washed and ignited. The manganese becomes 
Mn^g and the nickel NiO. If both are present they may be ignited 
together and afterwards separated by another operation. This is the 
case with nickel steel, but cast irons contain only manganese. 

NITROGEN. — This element exists in several very distinct forms of 
combination— for instance, with metals as nitrides, amines, nitrates, 
and nitrites, and with carbon and organic complexes as cyanides, 
amines, nitro, azo, and possibly other forms. 

Nitrates and nitrites, whether of metals or organic complexes, 
are all decomposable by strong sulphuric acid. Organic compounds 
of whatever nature can be so oxidised as to separate th^^nitrogen in 
a free state. 

The amount of nitrogen in nitrates and nitrites, whether mineral 
or organic, is most easily and quickly ascertained by the nitrometer 
ihethod, which depends essentially on the reduction of or 

HNOjj to nitric oxide, NO’, by mercury. In this method a nitrate 
or nitrite of a metal or an oiganic group is decomposed by strong 
sulphuric acid in contact with much mercury, so that the liberated 
HNO3 acts at once on the metal. ^ 

For instance, 2(KN03) + 11380^ = KgSO^-P 2HNO3 and the libe- 
rated HNO3 then commences to act on the mercury in this sense, * 

8HNO3 + 3Hg - 3HgNA + IH3O + 2NO ; 
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but of course the HglST^Oe does not exist for long in the presence of 
excess of the strong ILSOj, but becomes Ilg^SOj und HIS Oj, the 
liberated nitric acid commencing another course of decomposition. 

The instrument is a graduated tube {a in Fig. do), of 50 or 
100 c.c. capacity, with a two-holed stopcock. The lower end is joined 
by stout rubber tube to h, which is not graduated and should be 
wider than the measuring tube. The measuring tube is filled to the 
stopper with mercury, which, however, should only stand at about/ d 
in the tube b. The holes in the stopcock should be at least ;] mm. 
in diameter. The two tubes can be held in any convenient stand, 
or suspended by a strong cord, the ends fastened to 
each tube and passing over a bar or hook in a shelf 
or other support. 

To use, fill with mercury, as above, and have 
the cup at top of a dry. Take about *0o grm. 
KlSTOg for the first experiment. Introduce the 
nitrate and then 2 c.c, of strong Turn the 

tap quickly so that nearly all the acid and the 
nitrate swimming in it enters the tube ; then add 
another 2 c.c. of acid and admit similarly so that it 
takes the remainder of nitrate with it. Repeat the 
addition of smaller quantities of acid three or four 
times so as to wash all the nitrate into the tube. 
This operation should be done as quickly as possible, 
but the greatest carm must be taken not to let any 
air in. Another plan more generally used is to 
weigh the substance in a stoppered bottle, cover 
with a few c.c. of strong sulphuric, and allow to 
stand in a cool place until all is dissolved. The 
solution is then poured into the nitrometer and 
Pig. if). washed out of the bottle with more acid. This is the 
better plan, and answers witli most nitrates, mineral 
or organic. Now put a cork loosely in the cup, take a from its sujjriort, 
holding by the«cup and stopper with one hand and by the point of 
junction with the rubber tube with the other, and sliake briskly, by 
a rapid sideways motion. The acid must never come as lov) as the 
rubber junction. After shaking an action will be visible and gas 
will collect. Shake at intervals of five minutes until no more gas 
bubbles appear and the acid becomes clear. 

Measure the length of the acid column on the top of the mercury, 
which is easiest done by counting the divisions it covers on the tube. 
Now bring tube h close alongside so that the top of the meinnuy u 
le57el ^ith one-seventh of the height of tke aci<l column.^' I>onot 
handle the gas tube, but clamp or hang them both up, Huspend 
a thermometer close to the tube for twenty minutes, and read 
off the number of c.c. of gas. One litre NO weiglis gms, 

(nearly) ; therefore 1 c.c. = *001842, and of this /, is nitrogen, since 

* strong sulphuric, being nearly twice as heavy as wafer, is about one- 
seventh as heavy as mercury. 
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NO ^14 + 16- 30.^ Barometer and temperature must be read off, but 
there is no correctim^ for moisture, as the keeps the gas dry. 


If Y = observed volume of gas, 

„ pressure, 
i ~ ,, temperature, 

a = coefficient of expansion ^ *003007, 
Y' = corrected volume, ’ 


then 

Y'==Y_?__ 'V.B. 100. *001342. 15 

760 (1 + at°)» ST7~00.(1 + -003 ^7: t°). 80 " ^ 


1 c.c. NO at NT and P=: 
•00282 HNOs, *000027 N, and 
P weighs *001246 grm. 


001342 grm. and is equivalent to 
•00452 KNO 3 . 1 c.c. N at NT and 



A general method of estimating nitrogen, applicable to all kinds 
of nitrogen compounds (provided they are not very explosive), is to 
hum them, by means of the oxygen in copper oxide, CuO, in a 
vacuum tube, and catch the libez^ated nitrogen gas in a meas^riiro- 
tube. For this a Sprengel mercury pump is indispensable. ° 

The substance is weighed from a bottle on to a piece of copper 
foil or into a mortar and mixed with OuO in modei*ately fine po\^er. 
This mixtiiie is then introduced into a piece of combustion tub© 
about 12 ins. long, closed at one end. The mortar or piece of 
copper is washed by small quantities of granular oxide of copper 
until the tube is three-fourths filled with this granular oxide. This 
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must be well shaken down to the closed end, and then a ot* 
copper made by rofling up copper foil into a (iylimler just large 
enough to enter the tul)e, inserted. The cylinder should bo about 
2 ins. long. The tube is now drawn off so as to fit th(^ Hprengel 
pump tube. (8ee Fig. 4 it.) 

The pump is set in action and the tube evacuated, the portion of 
the tube containing the copper foil cylinder being at the same time 
heated to redness. After a complete vacuum is obtained, as indicated 
by the mercury falling with a click’’ and a. column of mercury 
about oO ins. high standing in the “fall ” tube of the pump, the gas- 
collecting tube is half filled with strong KITO solution and half with 
mercury and inverted over the pump end. The pump is stopped 
and the heat extended backwards to the portion containing the CuO, 
and, when this is red hot, to the portion containing the substance 
and copper oxide. Water and gases will now come oft*. When the 
whole tube has been thoroughly red hot for ten minutes and gases 
cease to escape into the collecting tube the pump is again set in 
action until a vacuum is obtained. 

The tube is now removed, by putting a small crucible under the 
open end, and transferred to a tall cylinder full of water. The 
strong alkali solution and any mercury fall out and become 
replaced by water. The tube is held so that the water inside and 
out is level, and the number of c.c. read oft*, along with the tempera- 
ture of the water and the atmospheric pressure. 

As the collected nitrogen is m^^asured over •water, the tension 
of water vapour at the temperature must be deducted from the 
barometer reading. 

w = this tension of water vapour. It is = 9*2 mm. at lo' C. and 
12*7 at 15*^0. 


y.(B-w). -001210. 100 
S.7G0.(l + -00«(Urt^r ^ 

Where V — volume of gas, 

B - w ^ bra-ometer reading minus water vapour pressure, 
•00124-0 — weight of 1 c.c. N, 

S = substance, weight taken, 

700 normal barometer, 

•0()?I0G or ffw coefticient of expansion of gases. 

Another method of ascertaining the amount of nitrogen in a 
substance depends on the fact that most nitrogenous substances 
whencheated with soda-lime (a mixture of CaU with NallO) yield 
the whole of the nitrogen in combination with hydrogen ns ammonia. 
This applies strictly to all compounds where the nitrogcti is naf. 
directly united with oxygen. 

- Nitrates and nitro-derivatives, where the nitiogeu is moi-e or 
less ‘‘oxidised,” require a considerable modification of this treat- 
ment. 

Nvtro-oompounds, a.s picric acid, C„Hj{NOj),.,OII, juid wimc nmitio 
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and imino compouads, are best analysed by combustion with CuO in 
a vacuum tube as ju^t described. * 

The same treatment is necessary with some other classes of nitrogen 
compounds, but modifications are necessary in some cases. Where 
the substance is an explosive, for instance, picric acid, mentioned 
above, would need to be mixed with either fine sand or starch to 
modify its “ decomposition sufficiently to be safe. 

When the nitrogen is determined as ammonia, the operation can 
be conducted in a piece of ^‘combustion” tube ]4~18 ins. long and 
open at both ends, and so arranged that a stream of hydrogen can 
be continuously passed through. The tube is heatetl in a furnace. 
The hydrogen requires to be washed by passing through water, or a 



potassium hydroxide solution, but need not be dried. More than one 
absorption tube is desirable. 

The figure explains arrangement of tube and charge. 

The substance, if a solid, is weighed in a weighing bottle, a small 
quantity, about *5 to 1 grm., shaken out into a small dish or mortar, 
and •the bottle weighed again. The quantity shaken out is then 
mixed by means of a wire with a few grams of dry; but cold soda- 
lime, and by^ means of a smooth paper gutter introduced into the tube, 
as wall be evident from Fig. 47. There is a plug of copper wire 
or foil in the front of the tube ; then a layer of about two inches of 
soda-lime only. The mixture of substance and soda-lime comes after 
this. The dish or mortar is washed out by more soda-fee, until the 
tube is nearly full. An excess cannot hurt. Another copper wii'*e, 
or asbestos plug, keeps the soda-lime in place at one end. This 
end of the tube has a moderate- sized U tube fitted to it, with cork. 
The U tube contains a quantity of either or HOI of bnoW'U 

strength (standard acid). 

The ammonia produced in the tube neutralises some of the acid. 
The strength and quantity of acid being known beforehand, the 
amount actually neutralised by the ammonia can easily be found. 
The hydrogen is permitted to flow slowly through the tube durii^g 
the whole time of heating, so as to convey the ammonia as fast as 
formed into the acid. 
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After charging the combnstion tube with tlie substance and soda- 
lime, the U tube, to be fixed at the end, is charged with an acaniratelv 
known quantity of the acid, and then attached. 

After the heating is ended the acid is carefully emptied and 
washed from the U tube into a dish, a few droi^js of litmus added 
and then the soda solution as with the process of matching it witli 
the acid (see Acid and Alkali”). If, say, 25 c.c. of acid liad 
been employed in the tube and it required onlv 20 c.c. />f the soda 
solution for neutralisation, then the difference, 5 c.c, must have 



Fig 48. 


been neutralised by the ammonia liberated in the heated soda-lime 

or strength each c.c. “-0041) sulphuric acid, 

of nitroo-en wnnlr? ^ imagined the amount 

o ould be 0 X -0014, evolved in the form of ammonia 

decomposed by an 
that, 

Fig. 48 shows one arrangement. The .salt should he wwVhed in 
a platinum dish or crucible and ilissolvod in a Ta Sunt 
watei^ to which a few drops of sulphuric .acid may u W 
cuyreift enters by the spiral of platLum wire, an7on the staiu! I 1 

.X5SS35SHSSS 
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brown coloration is visible, pour the solution carefully into a white 
dish to see that no particles of metal ai e carried away, and wash 
several times, by decantation, with alcohol ; dry rapidly in the steam 
oven till the alcohol has evaporated, and w^eigh. 

If too strong a current be employed the metal is liable to come 
down in powder, and this oxidises very rapidly during the drying. 

Almost any soluble copper or silver salt electrolyses well, but 
some metals, as nickel, require an alkali salt, as ammonium or 
potassium oxalate or sulphate, to be present in order to take up the 
liberated SO^ ^Uon.’’ 

Nickel or zinc sulphate may be similarly decomposed, and the 
metals deposited and weighed, provided some alkali sulphate is con- 
tained in the solution. When copper sulphate is electrolysed as 
above in platinum the end result may be represented by 

*■011/80.,+ + H,0 = H,SO, + 0. 

When an alkali salt is present it probably acts as a double salt, thus: 
NiSO,,K.,SO„ breaking up on electrolysis in the aqueous solution into 
Ni-i-2KHS0,. 

Sulphates are the most convenient salts for electrolysis. From 
chlorides there is a liberation of chlorine, which attacks even a 
platinum electrode, and from nitrates oxides of nitrogen, which 
interfere wit-h the result. 

• 

CARBON AND HYDROGEN. — Compounds of carbon and hydrogen 
require somewhat special methods and apparatus for their quanti- 
tative analysis. 

The method generally employed is to burn the compound in an 
excess of oxygen or air in such manner that all the carbon dioxide 
and water produced can be caught separately and weighed. All the 
so-called organic compounds contain cai'bon, and in addition hydrogen, 
and» often oxygen, nitrogen, and other elements. 

As carbon dioxide contains carbon to the extent of 12 parts in 
44, and water 2 parts of hydrogen in 18, the weights of C and H 
corresponding to the CO^ and readily be found. * 

The actual operation is carried out in a glass tube, through which 
purified, dry air or oxygen can be drawn. In this tube a weighed 
amount of the substance is heated, and ‘‘ completely ’Hournt. 

The substance, if a solid, or a liquid of not very volatile nature, 
may be contained in a “ boat ” of platinum or of porcelain. If very 
•volatile, then a special tube must be employed. 

The actual requisites are : % ^ 

I. A ‘‘tube furnace,’^ which may be simply a row of Bunsen 

burners (20-30), mounted in a frame, so that a tube of 24-30 
ins. length can be heated to redness. If the laboratory be supplied 
with such furnace no figure is required. Without one the ordinairy 
“ combustion analysis cannot be done. ^ 

II. A glass tube about f in. clear diametei*, and about 4 ins. 
longer than the furnace. It must be of difficultly fusible glass. 
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III. An air-aspirator of some kind. A .Bunsen waterfall punip 
is convenient. The"’simplest is a two- or three^gallon buttle or jar, 
with an opening near the bottom iitted with a t:ip. A cork with 
small tube is iitted to the neck. When the ]>ottie is lilied with water, 
and the tap opened, air is aspirated or drawn in through the top tuhe 
to take the place of the escaping water. 

IV. A drying and purifying arrangement for the air before 
it enters the "tube. The .simplest and most eilective consists of a 
tube about '20 ins. long and about 1 in. diameter, with corks and 
small tubes at each end, and charged with coarse soda-lime. Tim 
air is drawn through this first, and then bubbles through concen- 
trated sulphuric acid contained in a small two-necked bottle. Small 
glass and rubber tubes are used for connections. From the sulphuric 
acid bottle the air passes into (V.) the combustion tube. This should 
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be charged with copper oxide, as shown (Fig. 49). ft must be 
“ granular oxide, made from bits ©f wire. 

YI. The a,bsorbing apparatus is hrst attached directly to the 
combustion tube — a U tube charged with pumice-stone moistened 
with strong sulphuric acid. This absorbs water only. 

2nd. A similar tube, with dry soda-lime, or, better, a tube as seen 
in Fig. 49, made from' a test-tube, and charged, the bottom three- 
quarters with soda-lime, and the top quarter with dried calcium 
chloride, just separated by a thin plug of cotton- wool. Two of these 
tubes should be arranged in series. 

The end of..this tube is attached by rubber tube with a small 
U tube containing to serve as indicator, and then to the 

©.spirator arrangement. 

The tubes are weighed separately, and then attached to the tube 
as shown. The boat is then weighed, the substance introduced, and 
weighed again. It is usual to carry the boat in a srmill corkcnl tube ; 
or, better, fit one test-tube into anotiier (see Fig. 12), so that one tube 
acts as a cap to the opening of the other. The boat and contents 
are thus protected from loss or gain in transit from the balance 
tch the tube. The tubes are only for carrying the boat, ami are jiol 
put into the combustion tube and not necessarily on the balance 
pan. 

After the substance and boat are introduced the biumers Mnifd 
the boat are lit, and as the heat readies the substance it should 
gradually either distil into the portion of copper oxide kept cool, or 
decompose and slowly buxin 

Considerable judgment is necessaxy in conducting this operation. 
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Some substances may be heated up much more quickly than others, 
and no rule can be laid down, excepting that S, volatile substance 
must have more time and less heat applied behind the boat at the 
commencement. There is no particular sign w’hen a combustion is 
ended and the 00^ and swept completely from the tube. It is 
therefore customary to continue the process for some time after all 
the substance has gone from boat and tube, and allow time for 
mixing and sweeping out of the gases. A non-volatile substance 
may be completely burnt in one hour, whilst a somewhat volatile 
one may take two to three hours. The time is always less when 
oxygen is employed. 

After the substance has burnt from the boat, and the whole tube 
has been heated to redness, the tube may be finally cooled by turning 
oft' the burners at the end where the air enters and as far as the 
main bulk of copper oxide. When the combustion appears over, the 
two tubes, in which water and carbonic oxide have been collected, 
are separately detached and weighed. 

If the drying and purifying apparatus for the air be in proper 
order, no harm will result from keeping on the operation long after 
the combustion is really complete^ but generally speaking an hour 
and a half is sufficient. 

The weight of substance taken should have some connection, if 
possible, with its carbon contents, as it is advisable to have a good 
margin of excess of soda-lime over the CO^ to be absorbed. From 
*2 to *5 grm, substance is mostly# sufficient. As an example, actual : 


•J250 substance : 

gave HoO = -0748. 
CO, = *8887. 


0748 X 100 
"9 X *1250 


G*G5 per cent. H. 


== 84*8 per cent. C, and 8*64 per cent. 0 by 
• 11 X T2t>0 difference. 

These figures, on dividing by the atomic weights of each, give a 
formula C, J-Ij^O, for which the calculated percentages of hydrogen^ 
and carbon are H G*58 and 0 84*78 respectively. 

In most compounds oxygen is still taken by difference.” That 
is, all the other elements are actually found, and the from 

100 taken as the amount of oxygen, if that element is found by 
qualitative examination to be present. 

A method of combustion in hydrogen has been proposed, but for 
inost cases it is quite unnecessary to have a direct determiij^tiqp 
of the oxygen, there being no doubt, from other evidence, of its 
presence. 

CARBONATES. —•Carbon is also present in carbonates, in which 
case it is generally liberated as carbon dioxide by the action of some 
acid, as HCl or HNO,. The gas may then be absorbed in som« 
alkali, or directly measured in some form of nitrometer tube. 
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The amoont of combined carbon dioxide can also be e.stimated 
by “ loss — that isi^, •when a carbonate is treated with ii wei^died 
quantity of acid, and the 00^ only is permitted to escape and the 
remaining salt weighed. 

SchroQtter s apparatus is the most elegant for this purpose, Imt 
an apparatus to serve the same purpose can most easily he con- 
structed from a small ilask or wide-mouthed vveigliing ])ottle, a glass 
tube with stopper and bulb, and a drawn-out test-tube (see Fig. oO). 



Fig. 50. 

The small bulb is charged with or HCl, half acid, half 

water, the drawn-out test-tube with small pieces of dzy calcium 
chloride. It should be a rubber stopper. The whole apparatus is 
weighed, and then 1 to 2 grms. of the carbonate placed in the flask 
and weighed again. The acid is now allowed to flow very gradually 
into the flask ; OO3 is evolved and is dried by the calcium chloride be- 
fore escaping^ Towai-ds the end the flask is gently warmed, and a slow 
^current of (dry) air drawn through for a few minutes only to remove 
the OO2 still in the flask and tube. This can be done by attaching a 
tube ai} a to draw by, and another at c, the la, tier being connected to 
a U tube containing OaOl. or The loss of weight at the third 

weighing = 003. 

Very small quantities of carbon can also be burnt in a vacuum 
tube, as with nitrogen (see anU^ Fig. 40 ), and measured as CO3 gas. 
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MOLECULAR WEIGHT. 

Aocoeding to Avogadro’s hypothesis, “ equal volumes of all gases 
at the same temperature and pressure contain the same number 
of molecules.” 

Supposing oxygen, hydrogen, and chlorine, as types of simple 
elements, to consist of two atoms per molecule, the formation of water 
and hydrochloric acid, the two most typical molecules, can be shown 
by the equations : 


2H, + 0, - 2H.p. 

' 2 volumes 1 volume 2 volumes 

Ho + Of, = 2HC1, 

1 volume 1 volume 2 volumes 

The molecules of oxygen have, then, divided so as to be able to 
join with the hydrogen atoms. The number of water molecules is 
twice that of the oxygen molecules, but equal to the number of 
hydrogen molecules ; but as the volume of steam produced is double 
that of the oxygen there must be in equal volumes as many water 
molecfules as oxygen molecules and hydrogen molecules. 

Avogadro’s hypothesis suggests a means of (1) ascertaining the 
relative weight of gaseous molecules, (2) forming an idea as to the 
number of atoms in a molecule. 

If now equal volumes of gases contain the same number of mole- 
cules, the ratio of the weights of these volumes gives the molecular 
umghts. ^ 

If the relative weight of steam be 0, based on hydrogen as unity, 
and hydrochloric acid 18*25, the ratio of the molecular weights of 
vmter and hydrochloric acid is 9 : 18*25. ^ 

VICTOR MEYER’S METHOD.— The apparatus for this method is 
very simple (see Fig. 51). In the tube A the weighed quantity of 
substance is vapourised, and the vapour displaces its own volume of 
air, which escapes by the side tube and is collected in 0, where it is* 
measured, and, after reduction to standard temperature and pressurof 
its weight calculated. The weight of substance, divided by this 
weight of air, evidently gives the relative weight to air. The air 
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may even be suppo.^ecl io ])e hydrogen, beeatise hydrogen aiid air 
occupy the same volume by A\'Ogadro’s law, ^ 

In thisprocesB the substance to! )e va})onrise<I is wtaghed in a tiiiy 
tube (to be seen inside the bulb of A), the rjiuintity taken hcdng 
such that the air displaced by its vapour can all Im collectied in the 
hO c,c. measuring tube. In the outer tube \> is a liquid of lu’gher 
boiling-point than that of the substance to be (‘xainine<L The sub- 
stance must, of course, be able to withstand the temperature necessary 
for complete vapourisation without decomposition or change. The 
cork is removed from A, the liquid boiled in B, and the tube ( 
hlled with water, adjusted over the end of A. The heating is kept 
up until the whole system has come into a steady state of gain and 




1 


^ loss of heat. This may be twenty or thirty minutes. (A cotton- woo] 
^ 01 * asbestos plug at the top of B is an advantage.) Tlie small tube, 
with its contained substance, is then dropped in open end foremost, 
and the cork, quite leisurely, placed in A. ISTo a.ir must bo pusluHl 
into 0 dnriEg this corking. In the course of a minute or two the 
substance in the little tube will begin to vapourise, and tlie vapour 
rising in the tube will push its own volume of air before it into U. 
The^action may begin slowly and then become quite violent, ceasing 
again suddenly. When no more bubbles escape— -gcmerally twt> or 
three minutes — the cork is removed from A, tlie measuring tube 
carefully transferred to the cylinder full of water, the water made 
level inside and outside the tube, and the volume read oT, tern- 
^perature and pressure being at the same time noted. 

T> = ^ ^ X (1 + ■oo;h;7t^^) 

’ y X (B » w) *(yooox{M; ‘ 
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D =>density. 

S = weight of substance. 

V i=: volume of collected air (or hydrogen). 

(B — w) — the height of barometer, less the pressure of water 
vapour at temperature of observation. 

7C0 = normal height of barometer. 

•0()?>67 — coefficient of expansion of gases. 

•00008fH> = weight of 1 c.c. hydrogen. 


DETERMINATION OF MOLECULAR WEIGHTS— 
CRYOSOOPIC AND EBULLIO>SOOPIC METHODS. 

The determination of the molecular weight of a substance by the 
cryoscopic or ebullioscopic method depends upon tw^o facts which 
have long been well known, but which have only comparatively re- 
cently been so thoroughly investigated as to render these methods of 
molecular weight determination of at least equal importance to the 
older method of determination depending upon the density of the 
substance in the gaseous state. The new methods of determination 
have the farther advantage that they can be applied to all soluble 
substances, and not merely to those which are volatile without de- 
composition. 

CRYOSCOPIC METHOD. — The cryoscopic or freezing-point method 
depends upon the well-known fact that the solution of any substance 
in a given medium lowers the freezing- (or melting-) j^oint of that 
medium. Thus it is well known that salt water freezes with much 
greater difficulty than fresh water, and that a saturated solution of 
common salt in water is more difficult to freeze than sea water 
itself. 

Tlfis brings out the first point in connection with the determina- 
tion of molecular weight by the cryoscopic method — tiz., that the 
depression of the freezing-point of any solvent is directly propor- 
tioned to the quantity of matter of any one kind dissolved in it. 

Dealing with matter of variouskinds, it is found that equal weights 
of different substances dissolved in the same weight of solvent usually 
produce differences in the depression of the freezing-^int of the 
solvent. Thus it is found that in the cases of the chlorides of potassium 
and sodium dissolved in water, 74-5 parts by weight of potassium 
chloride lower the freezing-point of water to the same extent as 58*5 
parts of sodium chloride in the same amount of the same sol^nC 
These numbers 74*5 and 58*5 are, for certain reasons, con^sidered to 
be the molecular weights of KOI and NaCl respectively, and hence 
74‘r> parts of KOI and 58*5 parts of NaCl contain an equal number of 
molecules, from which it follows that the depression of the freezing-* 
point of a solvent depends upon the number of molecules of substance* 
dissolved in it, and that an equal number of molecules of all substances 
have the same eftect in lowering the freezing-point of the solvent. 
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The actual deWrrnination of the molecular weight by this process 
is carried out as follows : A suitable solvent having been selected, a 
weighed quantity is taken and its freczing-poiiit accuiutely dele)*- 
mined by means of a special thermometer graduated to and by 

which the temperature can be estimated to special 

thermometer is so constructed that a portion of the mercury can bo 
transfeiTed to another bulb at the top of the therinoineter, ami in 
this way, by altering the amount of mercury used, the tliermometer 



can he made available for use over a wide range of temperature and 
thejeefore with various solvents. -> 

It should be remembered that the absolute fi’Oezing-point of tlu^ 
solvent IS not required in the determination, but that tin^ method 
consists in determining the difference between the freezing-point of 
the pure solvent and the freezing-point of the solvent containing a 
Icnown '^yght of substonce in solution. The thermometer i.s thore- 
the fi-eezmg-point of the solvent falls %voll within 

.the thermometer. The solvent is then eoole.l, with 
constant stirring, to a temperature somewhat b(dow its freezing-point 
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(nearly^all substances undergo super! usiou* and can be cooled more or 
less below their true freezing-point without solidffying). Suddenly 
solidification begins to take place and the temperature begins to rise. 
The highest point to which the temperature rises is taken as being the 
true freezing-point of the solvent. This point should be determined 
two or three times or till a constant result is obtained. When the 
freezing-point of the weighed amount of solvent has been determined, 
a weighed amount of the pure dry substance of which the molecular 
weight has to be determined is dissolved in the liquid, and thefreezing- 
point is again determined as before. The difference between the two 
freezing-points gives the depression. The solution should not, as a 
rule, be a strong one ; 2 to 3 per cent, is usually sufficient to give a 
sufficiently well* marked depression in the freezing-point, except in 
the case of substances possessing a very large molecular weight. 

The molecular weight may now be easily calculated by means of 
the following formula : 


M.W. = Cx 



IQQ 
B : 


where M.W. = molecular weight, 

W — weight of anhydrous substance (in grams), 
D (or — depression of freezing-point in degrees C., 

S = weight of solvent taken (in grams). 


SuXiei'f'udon . — The melting-point of a solid is a most characteristic 
property of the substance, not only* as regards temperature, but also the 
potential heat of melting. The action of heat on a solid, causing it to rise in 


Boiling Point 



temperature (expand also, perhaps), melt, and finally vapourise, can be shown* 
by the rough diagram. At 1 the substance is solid ; at 2 begins to melt, an(i^ 
absorbs heat-energy to a certain extent until all is melted at 3, remaining all this 
time at the melting temperature ; it then gets hotter until 4, the boiling-point. 
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0 is ;i number which lias to l.m introtlucoil acoortlin^^ in iho 
solvent selected fer the detenuination. It is a nurnlHU* which is a 
constant for each pariahailai* solvent. It may (if unknown) hii\'<‘ to 
be determined by finding the depression prtxluced iii iho fr«h‘/lng- 
point by weighed quantities of substances of knowii molecula r wtight, 
as deterininod, say by the V'ictor Meyer iVlethod, when in the above 
equation all the terms will be known except 0, which can then bo 
easily calcidatecl. 

The values of C for the solvents most gtmerally ust‘d, together 
with the approximate freex:ing-points, are ap[)ended. 



F.r. 

C. 


F.]\ 

a. 

Ethylene bromide 

s 

118 

Aniline 

1} 

:.s*7 

Acetic acid 

. 17 

30 

N it ro -phenol (1 ; 2i 

. 1 1 

7i‘i 

Benzene 

, 5 

49 

/8-Naphthol . 

. 121 

112-5 

Xylene (1:4) 

lb 

43 ' 

Tribromo-phcnol 



Naphthalene 

. 80 

08 1 

(2:4:0) . 

. 95 

201 

Anthracene 

. 213 

110*5 i 

Water . 

0 

18-5 

Phenol 

38*0 

74 

1 Nitro-benzene 

0 

70 


The idea of the cryoscopic method of molecular weight determina- 
tion is chiefly due to the chemist Raoult. The special thermoiiu^ters 
and the practical process and apparatus are the invention of Beckman n, 

EBULLIOSCOPIC METHOD. — The ebullioscopic method of mole- 
cular weight determination is .similar in principle to the cryoscopic 
method, but depends upon the elevation of the boiling-point of a, 
solvent produced by the solution of a given weight of the substance 
of which the molecular weight has to be determined. 

The thermometer used is similar to the one for cryoscopic de- ^ 
terminations, and the apparatus generally used has been designed also 
by Beckmann. This apparatus consists of two parts — an inner one in 
which the actual boiling-point determiniitions are made, and an outer 
one in which the same liquid (or one of nearly the same boiling-point) 
is heated with the object of screening the inner portion from 
draughts an^l so obtaining perfectly constant temperatures. Both 
portions have a condensing arrangement to prevent loss of li<|tu<1. 

• The boiling-point of a weighed portion of the solvent is iirst de- 
termined to xoViy'"; weighed quantity of the substaiua^ is - 

introduced and the elevation of the boiling-point det<a‘mined, (;\s ; 
before, al^i^liite temperature measurements are not requiivd.) flluj ! 1 
point at which the boiling liquid becomes constant in temporature i j 
is taken in both cases, and the dilterence gives the elevation of tlie ! ; 
boiling-point. The bulb of the thermometer must be complet^dy j f 

1 1 

is reached, _ On carefully reversing the process from the boiling-point it in ! l 
easily possible to pass the point o, whore the substance should .solidify and 1 1 
f/lveu27 its potential heat of melting, andthc whtdc i)e cooled down to ordinary ' “ 
temperature, but remain a liquid. In this condition, on being /nfif/m/' witli 
^ some of the same substance in a solid state, this li.juid will smhhndv solidifv, ' 
the potential energy then appearing as hunt, the same amount, licitig ifroduceil . 
as was absorbed in the stage 2-3. The, tomporaturo will therebut* riM* fr<an t - 
the ordinary to 7, which by the diagram is evidently equal to 2, ov tht; melting- 
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immei’sed in the boiling liquid, and in order to render the boiling 
regular it is usual to introduce a quantity of seme solid substance 
which is not acted upon or dissolved by the liquid. 

The molecular weight can be calculated from the following 
formula : 


M.W. = Cx 



100 . 

B ’ 


where M.W. 

W 

E 

S 


~ molecular weight, 

= weight of anhydrous substance (in grams), 
= elevation of boiling-point in degrees C., 

= weight of solvent. 


E is more generally put as 

0 is a number or constant depending upon the solvent used. 
Values of C and approximate boiling-points of different liquids : 


Carbon bisulphide 

B.P. 

46 

C. 

23*7 

Water 

B.P. 

. 100 

C. 

5*2 

Carbon tetrachloride . 

78 

48 

Ethylic acetate . 

75 

27 

Chloroform 

61 

36-6 

Benzene 

. SO 

27 

Ethylene dibromide . 

132 

63*2 

Nitro-benzeiie . 

. 205 

50-2 

Eethylic alcohol 

67 

9-0 

Aniline 

. 184 

32*2 

Mthjlic alcohol . 

79 

11*0 

Phenol 

. 183 

30*4 

Ether 

35 

21 

Camphor . 

. 204 

61 

Acetone 

56 

17 

Pyridine . 

. 115 

30 

Eormio acid 

101 

34 




The illustrations will give a much clearer notion of the apparatus 
used than any description. It is not necessary to use a chemically 
pure solvent in either method to obtain satisfactory results, but 
naturally the use of impure solvents is to be deprecated. 
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CHAPTER IX. 


ANALYTICAL GROUPS: REACTIONS OF THE 
METALS OF GROUP V. 

This group comprises the metals potassium, sodium (alkali metals), 
ammonium, and magnesium, which are not precipitated by any 
group reagent, as most of their compounds are very soluble in water. 

(1) POTASSIUM, K. Atomic weight, 8 1)T. Specific gravity, 0*87. 
Melting-point, 62*5° 0. Boiling-point, 710-781° 0. — Is found in 
combination in large amount only in a few minerals, of which salt- 
petre is the most important. It is present in some silicates, such 
as felspar, in the ashes of plants (crude potashes), and in the form 
of chloride in saline deposits (ift Stassfurth in Germany and else- 
where). 

The metal is obtained by driving the melted hydroxide over very 
strongly heated iron turnings, and condensing the vapour in a heavy 
mineral oil, petroleum, which has no action upon it, and also 
protects it from the air. It has a brilliant silver-white lustre 
on a, freshly cut surface, which immediately tarnishes on contact 
with air, becoming covered with oxide. It decomposes water when 
brought in contact with it, the heat produced being sufilcient to 
inflame the liberated hydrogen. The metal is so soft«that it may be 
easily squeezed by gently pressing a small piece with the end of a 
test-tube or glass rod. It is genei’ally kept under rock oil or paraffin, 
to prevent oxidation. 

IS: .B. Caution . — Do not on any account touch the metal with 
the fingers or bring it in contact with acids. 

Experiments. 

• I. A very small piece, not larger than a pea, of the metal is taken 
from the petroleum, dried between several thicknesses of dry blo^Ii?g- 
paper, and placed on a porcelain crucible lid and gently warmed. 

The metal will melt and then ignite in the air. White fumes 
escape, and a greyish substance, mostly K^O, remains on the lid. 
Allow to cool, then place in water. The gi’eyish oxide will disf^ 
solve and the temperature will rise considerably. Great ca^je 
must be taken that all the metal has oxidised, or an explosion may 
result. 
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The water will be found to convert red litmus into blue. Reserve 
this solution. 

TI. Carefully wipe as before a very small piece, less than in I., of 
the metal, and drop on to some perfectly clean and cold water con- 
tained in a dish covered by a funnel^ as 



in Fig, 55. 

A beaker covered by a funnel will 
do as well. The metal will appear to 
burn. The flame is really due to 
hydrogen, but it is coloured by some 
potassium vapour. A red-hot globule 
of potassium oxide swims on the water, 
and finally dissolves with a slight ^ex- 
plosion. 

Test this solution as in I. Then 
add a diluted acid drop by drop until 
litmus paper shows neither red nor 
blue, but a claret tint. A salt of 
potassium has been formed. Evapo- 
rate the solution to dryness, when 
crystals of the salt will be left. 


Dry Reactions of Potassium Compounds.* 

Most potassium compounds, heated in small quantities oii a thin 
platinum wire in the inner flame of the blowpipe, or in tbe lower 
outer edge of the Bunsen flame, undergo dissociation, the vapour of the 
metal imparting a violet colour to the outer flame. When examined 
with the aid of a spectroscope t the potassium spectrum is found to 

* When solids are heated in a tube, or on charcoal, or on a platinum wire, 
without any liquid being employed on them, they are said to be undergoing 
dry ” reactions, or the dry examination. 

These dry reactions are given, as a rule, by every compound of ihc eltment. 

When dissold^ed in water or other solvent, and this solution is treated with 
reagents, it is undergoing wet tests, or reactions in solution. 

* As regards wet reactions, almost any soluble compound of the element will 
answer. Some do so in an eminent degree, and are also easy to obtain. 
Nitrates, chlorides, sulphates, are, generally speaking, most workable in this 
respect, and should be used in doing the reactions. Oxides, sulphides, phos- 
phides, and ^soluble compounds are less suitable, as they sometimes com- 
plicate matters for beginners by producing secondary reactions or complex 
products. 

^ N.B. — Students are advised to perform all the experiments and reactions 
with each metal of a’group, and then attempt a method of separation fonnde<l 
m. tJ^ knowledge gained. Use the salts you have made from the metal, if 
possible, for the first reactions. 

t When elements in the gaseous condition, or vapourised by strong ignition, 
are examined by means of the spectroscope, they may be distinguished from 
each other by the respective spectra which they give. The intensity of the 
spectra of metallic elements is so much greater than that of the non*metals 
that the latter are only rarely seen. The heat which can be produced by a 
good Bunsen gas-burner is not strong enough to volatilise all elements or io 
heat their vapour highly enough. Most heavy metals can onh be volatilise<i 
by means of an electric spark, making use of an induction-coil, by placing 
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consist mainly of two lines, a comparatively strong line, Ka,* in the 
red, and a faint lin^ K/3, in the blue. 

This applies more particularly to those potassium salts which are 
volatile without decomposition at a strong red heat (such as potassium 
chloride, bromide, iodide, and cyanide) or which are decomposed by 
heat ; but not to non-volatile potassium salts, such as phosphates, 
silicates, or borates, which give scarcely any dame reaction until they 
are moistened with an acid, as hydrochloric, or, if that be without 
action, heated together with pure calcium sulphate or silver sulphate. 
The presence of sodium compounds gives rise to an intense golden- 
yellow flame, which conceals the potassium reaction ; but when seen 
through a blue glass, or indigo solution, the yellow or sodium flame 
is entirely cut off, and the potassium flame becomes distinctly visible, 
and is then of a rich reddish-violet colour. 

the metals between the x^oles. In order to analyse the ordinary gases 
spectroscopically, the spark is passed through the gases, contained in tubes 
which are filled with the gas and then exhausted with an air-pump. The 
filling and exhausting is repeated several times, and finally a good vacuum 
obtained. Traces of the gases are left, which on agitation by an induction 
spark become luminous. These tubes can be made and used by any one if a 
ISprengei or other mercury pump is available (See Fig. 56.) 



Ml is usual to employ the spectroscope only for the examination of those 
elements which can be volatilised by means of a gas flp^me, viz., a good 
Bunsen burner. Such are the alkali metals, sodium, potassium, rubidium, 
ctesium, lithium the alkaline earthy metals, barium, strontium, calcium ; and 
the heavy metals thallium and indium. Lead, copper, arsenic, ^ antimony, 
and some other metals, and phosphorus, boric acid, and less easily sulphur, 
selenium, tellurium, will also show colours in a Bunsen flame, and a few lines 
may be distinguished. The compounds most suitable are^the chlorides, 
nitrates, chlorates, and carbonates of the metals. A small portion is placed 
on a loop of thin platinum wire, introduced into the non-luminous portion of 
the flame, and the spectrum of the coloured flame examined. The different 
.elements are distinguishable by their respective colours, as wefl as by the 
l)Osition which certain coloured lines or bands occupy in the continuo^is ^lar 
spectrum. The lines are not all of the same intensity, and therefore not 
equally available, so that it is only by employing large quantities of pure 
substances, and heating them very intensely, that many of the less prominent 
lines can be observed. The delicacy of the reaction is, however, so great that 
the merest traces can be discovered. Spectroscopic analysis constitute^ a 
most valuable auxiliary to the ordinary means of chemical investigation. 

* Principal spectral lines of elements are generally designated by a letter 
for ordinary reference purposes. OomxDare the table of some metallic elements 
opposite title-page. 


A L;UUlt»JKi Ur ritAUilCAJLi y . 

A more simple method of detecting potassium in the pi*esence of 
large quantity of sodium compounds is the following : A small 
ortion of the substance is moistened with concentrated hydrocliloric 
cid and placed on a loop of thin platinum wire. The wire is then 
radually brought near to a point in the Bunsen dame about half 
Q inch above the top of the burner. Compounds of potassium 
eing more volatile than those of sodium, the violet-coloured dame 
ill be clearly observed before any trace of the yellow sodium dame 
visible. 

eaetions in Solution. 

Nearly all potassium salts are soluble in water. 

Platinic chloride^ PtClp precipitates from potassium solutions 
hich are not very dilute, a yellow crystalline precipitate of potas- 
um platinic chloride, SKCl.PtCl.^, insoluble * in strong alcohol, or 
alcohol and ether mixture, as well as in acids. 

02H„(0H)2(C02H)2 (tartaric acid) precipitates white crystalline 
:drogen laotassium tartrate, C3H,(OH),CO,HCO„K,from neutral and 
dficiently concentrated solutions. The precipitate settles rapidly, 
pecially after shaking or stirring. 

2HP,SiPj (hydroduosilicic acid) gives a white gelatinous precipi- 
te of potassium silicoduoride, 2KP,SiF^ ; difficultly soluble in water 
in parts at 17*5° C.) ; insoluble in alcohol. 

The hydroxide and carbonate constitute two important reagents, 
i account of the chemical activity of the metal or base })otassium, 
lich can supplant or expel most other metals from their corn- 
nations with acids, &c. 

) SODIUM, Na'. Atomic weight, 23. Specific gravity, 0*974. 
elting-point, 96° 0. — This metal somewhat resembles potassium in 
'pearance, but is a little harder, and does not oxidise so rapidly in 
[*, nor is its action on water so energetic as that of the latter metal, 
s compounds occur in nature in vast masses, as rock salt, NgCl ; 

carbonate, ^ in native soda, Na.CO^,! OOH., and in troiia, 
r,C03,2HNaC03,30H, ; as nitrate, in cubic nitre, or Chili saltpetre, 
aNOg; as sulphate or Glauber’s salt, Na.3SO.j,10OI'C ; as bi borate, 
as glauberite, Na,S04,CaS6^ ; and as cryolite, 
^aPjAlgFg ; and in many silicates, of which albite may be taken as 
e repi'esen^ative. Most sodium compounds are easily soluble in 
iter, a few silicates and cryolite excepted. 

Sodium may be obtained in a similar manner to potassium, and 
30 by heating the hydroxide or oxide to a high temperature with 
The metal distils over similaidy to potassium, and is kept* 
ider petroleum or in a perfectly dry atmosphere. 

cperiments. 

I. A small piece of sodium (freed from oil) heated on a bit of 
rcelain behaves very like potassium, K, but requires a little higher 

* The degree of solubility of a precipitate in different media can only be 
pertained by quantitative experiments, 
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temperature before commencing to burn. The oxide produced is 
generally whiter thap. with K. Its behaviour \fith water is almost 
identical with that of K. 

11. A small piece of the metal placed in cold water, as with 
potassium, melts and runs about and disengages hydrogen, which 
may be set on fire. The fiame is coloured intensely yellow. A 
globule of red-hot hydroxide floats on the water, and finally dissolves, 
spirting or exploding as it cools down. The solution is alkaline to 
litmus, as with K. 

Neutralise the solution with an acid, and evaporate to dryness. 
Note the physical characters of the salt pi*oduced, wLether deli- 
quescent, (fee. 

N.B. — Sodium should not be touched by the fingers, and must not 
he put in contact loith acids. 

Dry Reactions. 

The intense golden-yellow colour which sodium compounds 
impart to the outer blowpipe flame is almost exclusively relied upon 
for the detection of the metal. Its spectrum consists of a bright 
double line, coinciding with the D line of the solar spectrum, and 
several green lines, somewhat difiicult to see. Some sodium salts 
are readily recognised by their characteristic taste, especially rock 
salt and cubic nitre. 

Reactions in Solution. • 

Sodium salts are even more freely soluble in water than potassium 
salts, and platinic chloride or tartaric acid give no precipitates,, 
although analogous compounds are formed. Hydrofluosilicic acid 
gives a gelatinous precipitate from concentrated (aqueous) solutions* 
only ; the precipitate is insoluble in alcohol. 

Sodium hydroxide and carbonate act in many respects like the; 
corresponding potassium compounds. 

Both metals form oxides, K^O and Na^O, and, in addition,, 
peroxides or dioxides, and Na-gO^j. Sodium dioxide has become a 
technical product, and is largely used as an oxidising agent. A little' 
of these is formed when the metals burn in air. Sodium dioxide 
is made by heating the monoxide, Na^O, in a current of air or oxy- 
gen. These oxides on contact with water become very hot ; oxygen 
is evolved, and some peroxide of hydrogen is also prodi:«ed. 

(3) AMMONIUM, NHj, generally shortened to Am. Combining 
•weight, 18. Hypothetical metal or “compound radical” in combina- 
tion. ^ ^ 

Ammonia, NH 3 , is obtainable from nitrates by the action of 
nascent hydrogen, as when moist iron or zinc filings or aluminium 
is mixed and heated with a nitrate ; from the distillation of many 
organic compounds, containing nitrogen, with a hydroxide, as KHO. 
Its chief commercial source at present is coal, the NH^ being form^ 
during the heating of coal in the gas manufacture. From the coal- 
gas it is separated by washing with water and weak acids. 
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ExperimeBts. 

Mix a few gramS of potassium nitrate with five or six times as 
much fine iron filings and moisten very slightly. Warm the mixture 
gently in a test-tube or flask fitted with a cork and glass tube. 
(See Fig. 22, or Chlorine,’' later.) 

Catch some of the gas in an inverted dry test-tube in whieli 
a piece of red litmus paper has been placed. Fill another tube 
similarly and then* introduce a few drops of water ; close tube with 
thumb and shake. A partial vacuum wdll be formed by the gas 
dissolving in the water. Add litmus to the water. Add acid to 
this water until neutx*al, and evaporate carefully to diyness — Ixest on 
a water-bath. An ammonium salt is formed. 

The reaction between a nitrate and moist iron may probably be 
showm by the two expressions 

2(K1^0,} + bFe hFeO 4- K.O 4- K, 

SFe-h P>H,0 = 3FeO + GH,I 


the actions going on simultaneously. The H and N being liberated 
together, combine to form 2(NH3). The reactions may, however, be 
more complex than this. 

Feathers, horsehair, wool, or silk, cut into small pieces and mixed 
with two or three times as much calcium hydroxide (slaked lime), in 
powder, and then heated, also give off ammonia. 

Any ammonium compound, as s^.! ammoniac, NH^Cl, when mixed 
and warmed with lime, or almost any other oxide or hydi’oxide, will 
give off NH 3 as gas : 2^11,01 4 - CaO = 2NII, + 4 - CaCI,. 

The gas is very soluble in cold water, but may be expelled there- 
from on boiling for a short time. Alcohol dissolves still more NII^ 
than water. Both solutions absorb CO., from the air. 

When ammonia, either in the gaseous state or in solu- 

tion in water, comes in contact with acids, a “direct” combina- 
tion takes place. No hydrogen is displaced on either side; tlxus, 
NH^-l-HCl — NH^CL The water solution of NH 3 acts vexy much 
like KHO or ISTaHO, and is therefore termed a hydi'ate or hydroxide, 
supposed to be NHpH. The salts of ammonia closely resemhle K 
and Na salts ; hence the “ ” ending, which indicate.s that in 

combination NHg appears to some extent to act the part of a metal. 

A red-hot platinum wire suspended in a mixture of ammonia gas 
and air continues to glow owing to an oxidation of tlie hydrogen 
and nitrogen, ^ Some oxides of nitrogen are formed, which civentualiy, 
on contact with water, produce a mixture of nitxic and nitrous;^ 

‘‘dr, but readily in oxygen, with a 
yellow flame. Ammonia solution slowly oxidi.ses on 6Xposuri^ to 
air, some nitrous acid being formed. 

Some metals, as Na, K, Mg, decompose NH^ when heated in a 
stream of the gas, giving ofif hydrogen and forming nitxades : 

, Na^ + 2 NH 3 - SNaNH^ 4- H., and 2mj, + 3 Mg Mg.^N, 4 - 
These nitrides are decomposed again by water iixto metallm oxUlm 
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and NHg : 4- .‘)E[.,0 == ;>MgO + 2]SrTT3. Some of this nitride isn 

formed when Mg bnrijs in air. * 

Dry Reactions. 

Most ammonium salts, wlien strongl}" heated in a dry tube, 
volatilise, either entirely or partially. Salts with non-volatile acids, 
such as phosphoric, lose ammonia, N H^. Salts of ammonium with 
volatile acids can be volatilised, either vnth decomposition, such as 
the nitrate, nitrite, sulphate, the latter with formation of nitrogen, 
water, ammonia, and sulphurous anhydride ; or practically unchanged, 
such as the chloride, bromide, iodide. 

When solids vapourise on heating and condense again to solids 
on the cooler parts of the apparatus the process is termed 
“sublimation.” it does not differ essentially from distillation. A 

Reactions in Solution. 

All ammonium salts are soluble in water, 

Platinic chloride produces a heavy yellow precipitate of 
ammonium platinic chloride, 2 NII^Cl,PtCl^. The precipitate is 
soluble in much water (hence there appears no precipitate from 
dilute solutions), but insoluble in alcohol and ether. Ammonium 
platinic chloride leaves on ignition onhj spongy platinum. (Distinc- 
tion from potassium platinic chloride, which leaves spongy platinum 
and potassmm chloride, Pt 4- 2 KCi.) 

Tartaric acid produces from concentrated solution of an ammo- 
nium salt a white crystalline precipitate of hydrogen ammonium 
tartrate, resembling the potassium precipitate in its appearance. The 
two precipitates are readily distinguished on ignition. Hydrogen 
potassium tartrate leaves a carbonaceous residue, which is strongly 
alkaline, and the potassium carbonate which it contains dissolves in 
water. The other leaves merely a residue of carbon, devoid of any 
alkaline X’eaction. 

Neutral or normal salts of some polybasic oxy-acids — e.g.^ well- 
dried alkali borates or phosphates — readily decompose ammonium 
salts, especially when heated, with evolution of ammonia gas and 
formation of acid salts. Calcium phosphate will also liberate NH3,, 
thus : 

Ca^P^O, -h 2 NH,C 1 = Oa.H.P.Og -f CaCI, + 2NII3, and 
Ca^H^PPs - H,d = Ca^Pp;. 

This reaction distinguishes, therefore, between normal and acid 
salts of polybasic acids. 

A number of other phosphates behave similarly to the calcium 
salt. ^ ^ 

Ammonia gas is readily recognised, 1 st, by its pungent odour ; 
2 nd, by its turning red litmus paper blue ; 3 rd, by its combining 
with the vapour of volatile acids (such as hydrochloric acid) to form 
wliite fumes (NH^Cl). • 

Nessler’s test* for traces of ammonia. — If an alkaline solution erf 

* For the preparation of Nessler’s solution, see Appendix (Reagents). 
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potassium mercuric iodide, 2Kl,HgIo, be added to a fluid containing 
mere traces of ammonia or of an ammonium salj3, a brown precipitate 
of dimerciu*ammonium iodide or a yellow to brown coloration is 
produced, according to the quantity of the ammonium compound 
present : 

;X 2 KI,EgI 0 + + NH,110 = .NILg"J,orL + Tfvl + 

Prown ]p. 

Ammonium salts and nitrates and nitrites, when heated together, 
react thus : 

NH,C1 + Km, - KOI + i>IT.,0 + Nd ), 
and KNO, + NH,(J1 = KOI -h i'H/3 + K,. 

The latter reaction takes place also in aqueous solution. 

In consequence it is possible that ammonia may escape detection 
in a mixture of this kind if the nitrate or nitrite be in excess and 
the mixture be heated. 

This behaviour is the basis of the diazo- reaction (see later), which 
is of extreme importance in the production of organic dye-stuffs, and 
also of explosives of a peculiar type. 

(4) MAGNESIUM, Mg". Atomic weight, 24. Specific gravity, 
1-75. Melting-point, 750° C. Boils at about 1100° 0. (?). — This 
metal is silver- white, malleable and ductile, does not oxidise in dry 
air, but is readily acted upon by sToids, and also decomposes water 
when boiled with it. It occurs in nature as oxide, in the mineral 
periclase, MgO ; as hydrate in brucite, Mg(HO)2 ; as carbonate in 
magnesite, MgOOg ; and in hydromagnesite, bMgCO.„Mg(OH)^„/]Hj^O; 
as double carbonate in dolomite, 0aC0,^,MgC03, and mesitine spar, 
MgC03,FeC03 ; as sulphate in kieserite, MgSOpH^O (from Stassfurth 
salt), and in epsomite, Mg{S0p7H20 ; as silicate in peridote, lUg^BiOj, 
enstatite, MgSiOg, steatite, ^ SMgSiO.pSiO^, talc, IMgSiOgjSiO.,, ser- 
pentine, 2MgSi03,Mg(0H)2,*and in diopside, CaSiOgjMgBiOg ; and as 
borate in bora«ite, SMgBgO^jBgOg. 

Magnesium is generally prepared by the action of sodium on the 
‘chloride, MgCI^, or double chloride, MgOlgSNIT^Ol, or by electrolysis 
of the magnesium sodium chloride. 

Magnesium combines with nitrogen at a red lieat, forming Mg^N,. 
MagnesiTlm may be employed in some cases of reductitni of 
elements, as silicon, boron, &c., from their oxides or cliloihles. For 
instance, the metal (in filings) heated with sand gives silicon iun\ 
also some magnesium silicide. 2Mg + BiO., - 2MgO p Hi, and 
4Mg-H- SiO,, = SiMg, + 2MgO. (See also CO.,.) " 

These reactions can be performed in glass tubes or porcehu'ii 
crucibles. 

Experiments. 

^ I, Mg heated in a tube, in contact with air, geneiully inflames 
at about the melting-point. A white oxide, MgO, is formed, which 
is very light, but neither volatile nor fusible ; it scarcely dissolves 
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in water, but placed on moist red litmus paper it just turns it blue 
It disfisolves in acids. • 

II. Boiled with ^^ater, hydrogen is slowly given off and MgCH^O 
formed — a white powder soluble in acids. Burning magnesium 
ribbon introduced into steam continues to burn. 

III. Heated with sulphur to a high temperature in a hard glass 
tube, a sulphide can be obtained, but in a test-tube the glass gives 
way before this action begins. 

I Y . HCl acts very energetically, giving off hydrogen and forming 
MgOly. H^SO^, dilute, acts similarly, and the solution on evaporation 
gives crystals of MgSO^jVHgO, magnesium sulphate. Hitric acid 
acts more slowly ; as this solution is evaporated nearly all the nitrate 
is decomposed and MgO left. 

Y. Alkali hydroxides dissolve the metal, forming white MgO and 
evolving hydrogen. 

VI. The metal, when placed in solutions of salts of zinc, iron, 
copper, &c., precipitates these metals as crystalline powders. 

Dry Reactions. 

Magnesium salts impart no colour to a non-luminous gas-flame. 
The most characteristic reaction for magnesia, in the dry way, is the 
pale rose colour which this oxide acquires on moistening it with 
cobalt nitrate, and then igniting it once more strongly on charcoal. 

This colour can, however, only be relied on when no other 
metallic oxides are present ; recc^rse must almost invariably be had 
to reactions in solution. Ignition of the sulphate on charcoal in the 
reducing flame yields the sulphide, MgS. Prolonged ignition of the 
caibonate yields the oxide, magnesia, MgO, which is almost insoluble 
in water. The chloride MgOl^ also loses chlorine on ignition in air. 
The nitrate is very easily decomposed, oxide resulting. 

Reactions in Solution. 

^j'o precipitate is produced in magnesium salts by ammonia in 
the presence of ammonium chloride, or other ammonium salts, be- 
cause it forms a soluble double salt.* In the absence of ammo- 
nium chloride, part of the magnesium is precipitated as hydroxide, 
Mg(HO)o, thus : 

2MgC], + 2NH,HO = Mg(HO), -f- 2NH,Cl,MgCl,. 

Soluble double chloride 

In the presence of a suflicient amount of ammonium chloride the 
Tnagnesium hydroxide is at once decomposed into magnesium chloride, 

* A number of compounds of thii nature exist, but their “constitution” is 
not known with certainty, so they are provisionally termed “ molecular ” 
combinations or double salts. 

The magnesium-ammonium salt is possibly ^ 

HCINKa /HCl. 

>Mg/ 

HClNHo/ \HCI. 


9 
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Mg(H0)^ + 2ISrHj01 = MgCL + i^NHjIlO, and no precipitation takes 
place, nor is the doCble chloride precipitated hy^ ammonium, sodium, 
or potassium carbonates, unless the two lattel* bo boiled for some 
time with the double salt. Hence magnesium cannot be precipitated 
in Groups III. and IV., provided a sufficient amount of ammonium 
chloride be present and the solution be kept moderately dilute. 

Potassium, sodium, calcium, and barium hydroxides precipitate 
magnesium almost completely as white magnesium hydroxide, nearly 
insoluble in cold and hot water. Ammonium chloride as well as 
other ammonium salts dissolve it readily, and, if originaJly present in 
sufficient quantities, prevent its formation. 

Ammonium oxalate gives after some time from moderately dilute 
solutions of magnesium salts a white crystalline precijatate of a 
double oxalate of magnesium and ammonium, but not in the 
presence of excess of ammonium chloride. H.B. — In this case excess 
means very little more iyhan necessary to form the cloulde'’ salt. 

Hydrogen disodium phosphate precipitates hydrogen magnesium 
phosphate, HMgPO,. 

In the presence of ammonium chloride and ammonium hydroxide 
ammonium magnesium phosphate, NHjMgPOp is formed as a white 
crystalline precipitate. A very dilute solution should bo gently 
heated and stirred with a glass rod. The precipitate (hq)osits on 
the faint scratches caused by the glass rod on the tu])e. The pm- 
cipitate is almost insoluble iu water and ammonium salts, in very 
dilute aqueous ammonia it is practically insoluble. Dilute mintiral 
acids dissolve it, as also acetic acid. From very dilute solutions the 
precipitate separates only on standing for about twenty-four hours 
in a warm place. 

On heating magnesium chloride with precipitated mercuric oxide, 
the chloride is converted into oxide, mercuric chloride being vola- 
tilised. This experiment must be conducted in a closet wiiicli is 
provided with a good indraught of air, and is in connection witii a 
chimney flue. Nearly a red heat is required. ^ 

Methods for the recognition and separation of Mg, K, Ka., and 
Am will readily suggest themselves, if the student bear iu mind : 

1st. The volatility of ammonium salts (phosphates and borates 
excepted). 

2nd. The insolubility of Mg(HO)j, in water. 

3rd. Th^ insolubility of 2[v01,Pt6l.j in alcohol 

4th. The intense yellow colouration sodium compounds impart to 
the blowpipe or Bunsen flame. 

A solution containing salts of Mg, K, Ha, and Nil may bo 
e^mined as follows : ^ j r 

‘ 1. Heat a portion with HallO ; ammonia gas is gi\'en offi, 
which is recognised by its pungent odour and effect on red litmus 
paper = pi'esence of HHg. 

■c ^ second portion add ammonium cblorido, ammonium 

hydroxide, and sodium phosphate ; a white crystalline prt*cipitato 
iTidicates the presence of Mg. 

III. Evaporate a third portion to dryness and ignite strongly. 
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Extract with hot water (without filtering off any magnesium oxy- 
chloride* (MggOCig) which may have been formed), %nd add sufficient 
Ba(II0)2 till the whole of the magnesium is precipitated as Mg(H0)2 ; 
filter. ■ To the filtrate add (NH as long as a precipitate is 
produced, and filter again. Evaporate the filti’ate to dryness, and 
ignite strongly to expel ammonium salts. Dissolve the residue 
in a little water, filter off a trace of MgO (if any) ; and test filtrate 
for potassium by means of PtCl^ — a yellow crystalline precipitate = 
presence of K ; and for sodium by heating on a platinum wire in a 
non-luminous flame — a golden-yellow flame indicates the presence of 
Na. 

It is, however, not necessary to get rid of magnesium before 
testing for potassium and sodium by the flame reactions or even by 
PtCl, for K. 

The metals of this group are, chemically speaking, the most 
energetic elements of the metal class. They are able to turn out or 
displace most other metals, and some non-metals, from their com- 
pounds with oxygen, halogens, or acids. 



CHAPTER X. 


EEACTIONS OF THE METALS OF GROUP IV. 

This group comprises the metals barium, strontium, and calcium, 
which are precipitated by ammonium carbonate from an ammoniacal 
solution in the presence of ammonium chloride. The latter (if present 
in sufficient quantity) prevents the precipitation of magnesium. 

The three elements barium, strontium, and calcium are not well 
known in the metallic state. They resemble each other very closely 
in physical and chemical properties, and their compounds are often, 
indeed generally, found associated in nature. 


Ba . 

Atomic weight. 

. l?>6-76 

Sp. gr. 

.0 * 7 b 

Melting-point, 
about that of cast iron. 

Sr , 

87-39 

?-54 

at a red heat. 

Ca . 

39*91 

1*57 

at a red heat. 


The metals are not sensibly volatile at the highest furnace 
temperature. They appear to be “volatile in the electric furnace. 
They all decompose water at the ordinary temperatun}, and oxidise 
rapidly, on the surface, in air. When heated to redness in air or 
oxygen they burn very brilliantly. 

The oxides of these metals do not fuse or vapourise even in the 
oxy-hydrogen blowpipe flame, but glow very brightly— becomo 

luminou!?. 

They are not reduced by carbon in any ordinary fiuTiaee. In 
the '‘electric furnace" compounds of carbon are formed, tiTmed 
carbides. They may be represented by the formula M.O,,. On contact 
with wajier these carbides give an oxide and actdylene : 

CaOjj + HyO = GaO Hh G.,T1.>. 

The metals may also be made in the electric fitrnace. 

^ The melted chlorides of these metals on electrolysis, by v^rhon 
electrodes, give also the metal and chlorine. 

The operation can be performed in a small graphite crucible 
heated over a good Bunsen flame, using rods of gas carbon to lead 
in the current from five or six accumulators. 

Yery small globules of the liberated metals attach themselvesto 
the anode or negative carbon, and may, with difficulty, be obtained 
by rapidly removing the carbon and dipping into heavy petroleum. 
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(1) B.AJRIXJM, Ba"'. Occurs in nature chiefly in^the form of heavy 
spar, BaSO^, and as witherite, BaCOg. 

Dry Reactions. 

Barium compounds when held in colourless flame or when heated 
on thin platinum wire in the inner blowpipe flame impart a yellowish- 
green colour to the outer flame, especially when previously moistened 
with strong hydrochloric acid. When viewed thi’ough the spectro- 
scope (the chloride or chlorate show best), two green lines, Baa and 
Ba/3, come out most intensely ; Bay is less marked. Besides these, 
there are numerous lines in the red and yellow, and one broad, in- 
distinct line in the blue, close to F of the solar spectrum. 

Heavy spar heated on charcoal in the reducing flame is reduced 
to barium sulphide, BaB, which fuses readily. This reaction is made 
use of to prepare on a manufacturing scale soluble barium salts from 
the sulphate. Barium carbonate is decomposed only slowly even by 
ignition to a strong white heat. 

Experiment. 

Salts should be made from the BaS or BaCOg for testing. 


Reactions in Solution. 

Barium salts are obtained by dissolving the native carbonate or 
witherite BaCOg in dilute acids.* Heavy spar is attacked by alkali 
carbonates at a high temperature. ^ By mixing, on a small scale, finely 
powdered barium sulphate with three or four times its weight of 
fusion mixture or sodium carbonate, and heating in a platinum 
crucible over a gas flame, it is converted into barium carbonate, 
thus : 

BaSO, + HagCOg - BaCOg + NagSO,. 

Insoluble Soluble in 
in water. water. 

On •extracting the fused mass with hot water and filtering, BaCOg 
is left, which is soluble in most acids. • 

The nitrate, chloride, chlorate, and acetate are soluble in water. 
Use dilute solutions. 

(NH 4 ) 2 COg (group reagent) precipitates white barium carbonate, 
BaCOg, soluble with decomposition in acids, somewhat soluble in 
ammonium chloride. With carbonic acid it forms a soiuble acid 
carbonate (BaOOgjHgOOg), which is reprecipitated on boiling, with 
evolution of carbon dioxide. Barium carbonate is partially decom- 
posed by alkali sulphates — e.g., potassium sulphate — in to barium sul- 
phate and alkali carbonate. The decomposition is complete in 
presence of free carbon dioxide. SrOOg and CaOOg are nob changed, 
even on boiling with K^SO^. 

Sodium or potassium carbonate, same precipitate. 

KHO and HaHO, free from carbonates and sulphates (which they 

* Dilute acids (HCl or HNOg) should be employed, as the barium chloride 
and barium nitrate, which result from the action of these acid3 upon witherite, 
are insoluble in the concentrated acids. Normal acids are strong enough. 
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rarely are), give l^rom highly concentrated solutions a voluminous 
precipitate’ of hydroxide, JJa(HO),, soluble in water. A solution of 
this hydroxide in water is known as baryta water, it possesses a 
strong alkaline reaction and great affinity for carbon dioxide, foi* 
which it is used as a reagent. 

NHjHO gives no precipitate. 

and all soluble sulphates, give on %varniing, and esj^eciaily 
in the presence of free acid, a white, heavy preci[)itnto of barium 
sulphate, BaSO^, even from excessively dilute solutions of barium 
salts. The precipitate is insoluble in water, dilute acids, and alkalies ; 
soluble to a perceptible extent in boiling concentrated hydrochloric 
and nitric acids, and also in concentrated solutions of ammonium 
salts, but not if the precipitants are in excess ; soluble also in concen- 
trated boiling sulphuric acid, with formation of dibydrogen barium 
disulphate, BaSO^,H 2 SO,p The presence of an alkali citrate greatly 
interferes with its precipitation. Solutions of strontium or c;alcium 
sulphate (two sulphates which are but slightly soluble in water, 
especially the former) constitute the most characteristic tests for 
barium. 

BaSO^ requires about 400,000 parts of pure water for solution ; 
SrS 04 , 7000 parts ; whilst CaSO^ dissolves in 300 parts of w.attu* at 

0., and in 400 parts at 100° 0., being, in fact, less soluble in liot 
than in cold water. 

Hydrogen disodium phosphate gives from neutral or alkaliuo 
solutions a white precipitate of hy(rrogen barium phosphate, II bJaPUj, 
readily soluble in dilute nitric, hydrochloric, or acetic acid. Perceptibly 
soluble in ammonium chloride. 

(ammonium oxalate) gives from a moderately dilute 
solution of a barium salt a white pulverulent precipitate of barium 
oxalate, C^O^Ba, soluble in dilute nitric or hydrochloric acid. Soluble 
also, when freshly precipitated, in oxalic and acetic acids. 

KgCrO^ (potassium chromate) gives a bright lemon-yellow pre- 
cipitate of barium chromate, BaCrO^, even from very dilute ’‘neutral 
or moderatdy acid (acetic acid) solutions, readily soiu)>h^ in nitric, 
hydrochloric, or chromic acid (ILOrOJ ; repj'ecipitated l>y ammo» 
nium hydroxide. (Distinction from stx’ontium and (fulcium salts, 
which are not precipitated from dilute solutions if acelJct acid be 
present.) 

Hydrofluosilicic acid gives a colourless crystalline precujudate of 
baiuum silicofluoride, BaF^SiF^, whi(4i subsides <|uickly, especially 
upon the addition of an equal bulk of alcohol. It is somewhat 
soluble in water and in dilute acids, but insoluble in alciohol. 
*\^stinction of barium from strontium and calcium salts, which give 
no precipitate even on the addition of alcohol.) 

Soluble barium salts constitute exceedingly useful reagents for 
the detection of several acids, on account of the metal barium forming 
many insoluble salts. 

(2) STRONTIUM, SF'. — Occurs in nature as sulphate in th(% mineral 
celestine, SrBO^, and as carbonate in strontianite, BrOO^. 
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Dry Reactions. 

Strontium compounds colour the Bunsen darne intensely crimson. 
When the flame is viewed through the spectroscope it shows a 
number of characteristic lines, more especially the Sr /3 and y lines in 
the red and the line Sr 5 in the blue, which latter is particularly 
suited for the detection of strontium in the presence of Ba and Ca. 

Oelestine, SrSO^, heated on charcoal in the reducing flame, is 
converted into strontium sulphide, SrS, from which the chloride may 
be prepared for blowpipe and other reactions by treating the residue 
with hydrochloric acid. Strontium carbonate, heated in a platinurd 
crucible over a gas blowpipe, is almost completely converted into 
o^irle after about twenty minutes’ heating. 

Reactions in Solution. 

The nitrate, chloride, acetate, are somewhat more soluble than 
the corresponding barium salts. 

(NH^)2003 (group reagent) gives a white precipitate of strontium 
carbonate, Sr003, less soluble in ammonium chloride than the corre- 
sponding barium carbonate; soluble in dilute acids. Carbonic acid 
produces the soluble hydrogen sti-oiitium dicarbonate SrCO^jH^OO^, 
which is decomposed on boiling into normal carbonate, carbon 
dioxide, and water. 

Sodium or potassium carbonate, same precipitate. 

or a soluble sulphate, produces a white precipitate of 
strontium sulphate, SrSO^. F»om dilute solutions a precipitate 
appears only after some time, especially if calcium sulphate be used 
as the precipitant. Heat assists the precipitation. The precipitate 
dissolves perceptibly in hydrochloric or nitric acid, but is insoluble 
in alcohol. It is insoluble also on boiling in a concentrated ammonia- 
cal solution of ammonium sulphate made alkaline with ammonia. 
(Distinction between strontium and calcium.) 

A solution of strontium sulphate in water is not precipitated by 
amroipnium oxalate, but itself readily precipitates barium salts. 

Hydrogen disodium phosphate gives a white #precipitate of 
hydrogen strontium phosphate, soluble in acids, including acetic 
acid. 

Ammonium oxalate precipitates strontium salts more readily than 
barium salts. The white precipitate of strontium oxalate, C^O^Sr, 
is readily soluble in dilute nitric or hydrochloric acid'*'; somewhat 
soluble in ammonium salts and in oxalic or acetic acid. 

The chromate, SrCrO^, is soluble in acetic acid and other acids, 
yearly insoluble in water and ammonia. 

( 3 ) CALCIUM, Oa'".— Occurs in enormous quantity in nature, in 
combination with carbonic, sulphuric, silicic, and phosphoric acids. 
In plants it occurs combined with carbonic, sulphuric, and phosphoric 
acids ; in animals combined with phosphoric and carbonic acids, it 
is occasionally also found in minerals which result from the action of 
acids (such as nitric or arsenic acid) upon calc spar or chalk. 

The principal calcium minerals are the various calcium carbonates, 
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which differ in phyMcal properties or in e^}^stalline stniciiire. such 
as Iceland spar, generally very pure, CaOO.j, calc s]);ir (containing 
occasionally barium, magnesium, iron, manganese, lea.<l, in variable 
proportions, and passing gradually into baryto-calcite and dolomite, 
siderite, diallogite, and plumbo-calcite), arragonite, marble, limestone, 
chalk ; the sulphates, such as gypsum, CaS0pH^,0, anhydrite, OaSt)^ 
alabaster, selenite; the phosphates, such as apatite, some containing 
both chlorine and fluorine ; bone-earth, Ca.^P/^,,, and iiuor spar, F,. 

The metal calcium can now be obtained in the electtric furna(;e 
by reduction of the oxide CaO by carbon. It is a, silver-white, soft, 
malleable metal, which tarnishes rapidly in moist air, but keeps bright 
in dry air at ordinary temperatures. It combines with nitrogen 
rather more readily than magnesium at the same tem]>erature, 
forming a similar nitride. It also decomposes ammonia, forming 
either an amide, CaNH, or nitride, and decomposes water, forming 
the hydroxide. 

A compound with carbon, OaC^„ or calcium carbide, is formed 
in the electric furnace from CaO and carbon, which on contact witli 
water gives acetylene, 

Owing to its power of combining with botli caibon and nitrogen, 
it acts as an agent in the production of cyanamide, 

Calcium alloys (or unites) with otlier metals, (Ju, Al, ]\lg, some- 
what easily, and, owing to its powerful attraction for oxygt*n, can he 
used for reducing metallic oxides or refining metals by taking away 
dissolved oxides, <&c. 

Dry Reactions. 

Most calcium compounds, when heated in the inner ilame of the 
blowpipe, colour the outer flame yellowish -red; phos[)]uite and l)orate 
excepted. The presence of strontium entirely obscures the cahuum 
reaction. The calcium spectrum shows, among other lines in the red 
and yellow, an intensely green line, Ca/3, also an intensely oraiige 
line, Caa. r. 

Calcium cas'bonate when strongly ignited becomes converted into 
caustic or quicklime, CaO. It combines with water very eagerly, 
evolving much heat, and is converted into calcium hydroxide, 
Ca(HO )2 (slaked lime), which is strongly alkaline, it is less soluble 
in water than either barium or strontium hydxmido. J t is also more 
soluble in cold than in hot water. Calcium sulphate is converi^-d 
into calcium sulphide, CaS, when ignited on cluu’coal in the reducing 
flame. It also reacts alkaline. 

Rtsetions in Solution. 

Calcium salts are readily prepared from pure calc spar or marble, 
by means of dilute acids. Many of its salts are mhihh in water, 
the nitrate and chloride especially so, and are deli<]ues(;ent.. 
n (group reagent) precipitates white calcium cai-bonate, 

CaOOg, which is bulky and amorphous at first, but on warming 
gently rapidly becomes crystalline. Calcium carbonate is s<)me- 
what soluble in ammonium chloride, especially when freshly pro- 
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cipitat^ed. It is, in fact, partially reconverted on boiling into calcium 
chloride. * 

Sodium or potassium carbonate, same reaction. 

or a soluble sulphate, precipitates from concentrated 
solutions of a calcium salt white calcium sul2:‘hate, OaSO^HgO + Aq, 
soluble in much water, and still more soluble in acids. A precipitate 
is obtained on the addition of twice the volume of alcohol from 
solutions which are too dilute to be precipitated by sulphuric acid or 
by a soluble sulphate. Calcium sulphate dissolves readily on boiling 
in a concentrated solution of ammonium sulphate, especially if slightly 
alkaline with ammonia. 

A solution of calcium sulphate precipitates both barium and 
strontium salts. 

Hydrogen disodium phosphate gives a bulky white precipitate of 
tricalcium phosphate, Ca^PgO^, soluble in dilute hydrochloric or 
nitric acid, and soluble in acetic acid, especially when fi'eshly pre- 
cipitated ; reprecipitated by ammonium hydroxide. 

Potassium chromate gives a precipitate only in strong and neutral 
or alkaline solutions. 

Ammonium oxalate produces even from very dilute solutions of 
calcium salts a white pulverulent precipitate of calcium oxalate, 
OgO^Oa + Aq, readily soluble in hydrochloric or nitric acid; not per- 
ceptibly soluble in oxalic or acetic acid. On gentle ignition calcium 
oxalate breaks up into calcium carbonate and carbon monoxide gas, 
and on igniting very strongly calcium oxide is left. 

Soluble calcium salts, such as the chloride or nitrate, constitute 
important reagents for the detection of organic acids, more especially 
dibasic acids, on account of the metal calcium forming insoluble salts 
with many of them. 

SEPARATION OF BARIUM, STRONTIUM, AND CALCIUM. 

— Barium minerals frequently contain strontium and calcium, and 
stroniium minerals barium and calcium as well. One method of 
separating these metals may be based upon : 

1 st. The insolubility of BaOlg in absolute alcohol, SrClg and 
CaClg being soluble. 

2 nd. The insolubility of Ba(N03)g and Sr(N03)g in absolute 
alcohol, 0a(N03)o being soluble. 

For this purpose a hydrochloric acid solution of t«he mineral 
containing Ba and Sr or Sr and Oa, or possibly Ba, Sr, and Oa, is 
prepared, and the solution evaporated to dryness and gently ignited. 
(Strong ignition must be avoided, as OaCL is slightly decomposed 
into an insoluble basic salt when heated in air — OaOCaCl,.) 

Baiium is separated from strontium and calcium by digesting 
the finely divided residue with absolute alcohol, and separating from 
the undissolved BaOlg by filtration. 

Strontium is separated from calcium by evaporating or distil-^ 
ling ofi’ the absolute alcohol, which contains the SrClg and CaOl,, 

* Methylated spirit that has been dried by standing over some fresh CaO 
and then distilled — or even filtered will do. * 
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precipitating with ammonium carbonate, filtering, and converting the 
strontium and calcfum carbonates into nitrates by means of ‘dilute 
nitric acid. The solution of the two nitrates is evaporated to dry“ 
ness on a water-bath and absolute alcoliol added, wlieii calcium 
nitrate is dissolved out, strontium nitrate being insolu])le in al)solute 
alcohol. 

Several other methods for recognising and separating the metals 
of Group lY. will suggest themselves. 

It is often necessary to ascertain whether one oi* two or all tlie 
metals of this group are present in a solution. This can he done by 
adding to their neutral solution a solution of KTJrO^, or :^ll K,SiFj. 
A yellow or a transpai’ent crystalline precipitate indicates baiium. 
To a portion of the filtrate adrl CaS()j ; a precipitate forms, perhaps 
only after some time, proving the presence of strontium ; or the 
solution remains clear, in which case calcium only need be looked 
for, the presence of which is indicated by the pi*ecipitate which 
ammonium oxalate produces from another portion of the largely 
diluted solution. If both strontium and calcium are present separa- 
tion is necessary. 

No difficulty will be experienced by the student in drawing up 
schemes of analysis based upon : 

1st. The insolubility of Ba.Cl., and Sr(NO.j), in absolute alcohol. 

2nd. The insolubility of BaCh in absolute (alcohol and tliat of 
SrSO^ in a concentrated solution of (NIIj).,80,. 

5rd. The insolubility of BaF^jSilf.j, or BaCrOj, as %ve]l as of HrSC.^, 
in water, CaSO^ being sufficiently soluble to be readily iiulicated by 
ammonium oxalate. 

4th. A good plan is to make a solution of the three metals in 
acetic acid, and to add to this potassium chromate. BaCrO, only is 
precipitated. The filtrate is now made acid with Il^Bt when SrSO, 
is precipitated ; the filtrate from this, on addition of oxalic acid, or 
ammonium oxalate, gives another precipitate of Oa<J,Oj. 

BaCrO^ is yellow, the other two precipitates are” white, but the 
solution may be yellow owing to excess of the potassium chromate. 

The same mixture should be examined by ail these ]>rocesses, so 
as to get an idea of their relative accuracy. Norimd solutions will 
be strong enough to bring out these diffierencos. 
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REACTIONS OP THE METALS OF GROUP III., OR THE 
AMMONIUM SULPHIDE GROUP. 

Group III. comprises the metals aluminium, chromium, iron, cobalt, 
nickel, manganese, zinc. The phosphates of these metals, and of 
magnesium, barium, strontium, and calcium, are also precipitated if 
phosphoric acid be present. 

To get an idea of the working of this group it is advised that 
some if not all of the following exercises be performed : 

1. Add to a centinormal solution containing cobalt nitrate, ferric 
chloride, and calcium phosphate, dissolved in a little dilute hydro- 
chloric acid, a strong solution of ammonium chloride, and then 
ammonium hydroxide. A pi’ecipitate is produced. Filter, and add 
to the filtrate ammonium sulphide. A further precipitation takes 
place ; the precipitate is black. 

This shows that some members of this group are precipitated by 
NHpH and NH^Cl ; others only on the addition of NH^HS. 

2. Add to a solution of ferric, chromic, and aluminic chlorides 
(Fe^ClgjOr^Ols, and AI^CIq) ammonium chloride and hydroxide till it 
is just distinctly ammoniacal, and boil for a few minutes. A bulky 
gel^y^inous precipitate is obtained. Filter. Add to the clear filtrate 
a few drops of ammonium sulphide : no further precipitation takes 
place, showing that iron, chromium, and aluminium are precipitated 
(as hydroxides) from their saline solutions by NH^Ol and IS H^OH 
alone, without the aid of NH^HS. (Ammonium chloride has no 
share in the precipitation, but counteracts the solubility of the 
aluminium hydroxide in excess of the precipitant and -prevents the 
partial precipitation of magnesium and some metals of Group III. 
if present in the solutioir.) 

. 3. Dissolve some barium, strontium, calcium, and magnesium 

phosphates in dilute hydrochloric acid, and cautiously add ammojaiam 
hydroxide to the solution. No precipitate is produced till the free 
acid has been neutralised (with formation of ammonium chloride), 
when the phosphates are reprecipitated. Filter, and add ammonium 
sulphide to the filtrate. No further pi’ecipitation takes place. , 

This shows that the phosphates of the alkaline earthy metals are 
precipitated by ammonium hydroxide alone. 

4. Dissolve some phosphates of Ni, Oo, Mi>, Zn, and Fe^^^ in 
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dilute hydrochloric acid.'*' To one poi-tion of the solution add 
ammonium chloride^and hydroxide. A precipitate is formed. The 
phosphates are reprecipitated. Filter, and add ammonium siil phide ; 
a further precipitate is produced, showing that the phosphates of 
these metals are not entirely precipitated by ammonium chloride 
and hydroxide. 

These two reagents precipitate : 


Aluminic hydroxide and phosphate. 
Chromic ,, 

Ferric „ 


Nickel phosphate. 
Cobalt ,, 
Manganese ,, 

Zinc ,, 

Jkirinrn ,, 
Strontium „ 
Calcium ,, 
Magnesiiim „ 


5. To a solution of the sulphates or chlorides (free from Pe) 
of Ni, Co, Mn, and Zn add NHjCl in considerable excess, and then 
NH 4 IIO in slight excess. No precipitate is obtained, because the 
NH 4 CI forms double chlorides of the metals which are not affected 
by NH^HO.t To one portion of this solution add strong sul- 
phuretted hydrogen water (or pass a current of sulphuretted 
hydrogen gas). A copious precipitate is produce<l, consisting of Ni>S 
and CoS (black), ZnB (white), and MnS (pale pink). 

This shows that nickel, cobalt, manganese, a-nd zinc salts are not 
precipitated by NH^Cl and NH,HO, but by NH^KB. 

On exposing the other portion of the solution for some time 
to the air, it is seen to turn turbid where it is in contact with the 
air. Shake the solution, and the turbidity increases i*apidly, show- 
ing that NH jCl and NH^HO produce, under favourable conditions, 
a partial precipitation (owing to oxidation of the Mn compound). 

6 . To another portion of the solution of the phosphates of Ni, Co, 
Mn, Zn, and Fe (see 4) add the chloride, hydroxide, and sulphide of 
ammonium, without first separating by filtration the precipitate 
produced by NH,^C1 and NH^HO. The phosphates of Go, Ni, Mn, 


* This solution may also be prepared by adding hydrogen disodium pho.s* 
phate to solutions of the above metals as long as a precipitate forms, and 
dissolving the precipitate in a little hydrochloric acid. 

t The chldrides of the metals Zn, Ni, Co, Mn also form compounds with 

dry ammonia, NH.j, as represented by the zinc compound, ZnCl^^ 'rias is 


the most stable of any in the group. Its probable constitution is 

Th^??rtnetals and magnesium also form compounds of the form Mgdl’iKll.d. 
Cr and A1 also form similar compounds, but they are very unstable. “I’he dry 
chlorides of Ba, Sr, Oa, and Mg also unite with dry ammonia, as 
as well as forming compounds with NILCl. They are probably N.dL or 
hydrazine compounds. 

" The Co and Mn compounds of this class oxidise rapidly in air, Or slower. 

, On adding ammonium chloride and hydroxide to chromium solutions a violet 
or purple-coloured solution is often obtained. This is undoubtedly due to 
the formation of a efirom -ammonium or hydrazine compound. 
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Zn, and Fe, which may be considered as existing in the hydrochloric 
acid solutions as acid or hydrogen salts, are concerted into sulphides, 
and ammonium phosphate is left in solution. 

1. To a solution of ¥efi], add NH,01 and A reddish- 

brown precipitate of ferric hydroxide, Fe 2 (HO) 6 , is produced, which 
on the addition of turns black. 

This shows that iron is first precipitated as hydroxide, and is 
subsequently converted into sulphide. Some sulphur is generally 
precipitated in this action. Chromium and aluminium are pre- 
cipitated under the same circumstances as hydroxides, as they do 
not form sulphides in contact with water. 

It will thus be seen that the group reagents JSTII^Cl and NH^HO, 
for reasons stated under 4 and 5, do nob thoroughly separate some 
of the members of Group III, from the others. The three reagents* 
if added together precipitate : 


MnS pale pink or yellow. 

ZnS white. 

2. Hydroxides 

Al 2 (HO)g white. Cr 2 (HO)Q green. 

3. Phosphates of Or, Al, Ba, Sr, Ca, and Mg, white or nearly so. 

NICKEL, Nfi' and — Occurs in nature as sulphide, MS", in 
capillary pyrites, hair nickel, or millerite ; as arsenide, in arsenical 

* Add ammonium hydroxide to a solution of barium, strontium, calcium 
(and magnesium) oxalates in dilute hydrochloric acid, as long as a white 
precipitate is obtained. The oxalates of the alkaline earths are reprecipitated 
more or less completely as sooh as the hydrochloric acid which (as in the 
case of the corresponding phosphates) holds them in solution is completely 
nejjitralised. 

The same applies to the fluorides, borates, tartrates, citrates, &c., of these 
earthy bases which are precipitated by NH4HO, althougli^in the presence of 
much NH4CI they are to a great extent held in solution. 

Silicic acid and silicates, soluble in hydrochloric acid, are likewise acted 
upon by NH4OI and NH4HO, gelatinous silica, and silicates, being precipitated. 

Arsenates would also be thrown down here under the same circumstances, 
but in the ordinary course of procedure they are decomposed in the second 
group. 

Notice ^particularly that in order to avoid complicating the qualitative course it 
is usually preferred to evaporate the hydrochloric acid filtrate from Group 11. to 
complete dryness, with the addition, towards the end of the evaporation, of a little 
concentrated nitric acid, whenever ammonium chloride and hydroxide produce a 
precipitate. By these means silicic anhydride, SiO^, is left behind insC^i^le in 
acids ; the fluorides and borates are for the most part decomposed ; boric and 
hydrofluoric acid being set free or volatilised. Oxalates are destroyed ^vith 
evolution of carbon dioxide by the oxidising action of the nitric acid ; and tar- 
trates, tOc., are hrohen up by gentle ignition into carbon and volatile gaseous 
products ; ferrous salts are converted into ferric salts, and on extracting the igrfited 
residue with a little concentrated hydrochloric acid the metals are ohtaine<^ in 
solution as chlorides, together only with the phosphates of the alkaline eai'ths, earthy 
and metallic bases. — See Tables, 


1. Sulphides — 
FeS] 

CoS I black. 
MSj 
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nickel, As,Ni, and in copper-nickel, z\8.,Ni, ; as antimonide, 
in antimony- nickel, Combined with sulphide, as in nickel fiance or 
grey nickel ore, As.Ni.NiS^, as antimony nickel glance, 8h.,Ni,NiS/, 
also in the form of minerals, which are the result of tlio oxidation of 
other nickel minerals, e.y., as nickel oclire, Ni3AsJ),j Jmd emerald 
nickel, IS[iG03,2Ni0,GH26, as silicate in Kewdanskite, and as nickel 
magnesium silicate in the important mineral garnierite, NiMgSiO,. 

The metal nickel is harder and tougher than iron, !ind exhibits 
a slight yellow tint on a fresh or polished surface. 1 ts atomic wcught 
= 57‘93, specilic gravity 8-9 ; it melts between 1 a, ml LlOO® (J. 
It does not oxidise appreciably at ordinary temperatures in air or in 
contact with water, but acts upon acids somewhsit readily. 1 1 b(‘comes 
decidedly magnetic, but in an inferior degree to iron. 

Niekel Alloys, 

Nickel, in a pure state, is employed to some extent for ap[)aratus 
or ornamental articles. It is more extensively used for electro- 
plating iron or brass articles to prevent rusting and for {esthetic 
effect. 

It combines with many other metals, forming most useful alloys. 
With brass is formed nickel silver, or Geimian silver. This (‘onhiins 
about 15 per cent, nickel. Cupro-nickel contains ;>() to 10 percent, 
nickel. The metals may be melted together in any proportion. 
Nickel and mild or low carbon steels — nickel steds — are soimnvhiit 
numerous. Several distinct compotyids with iron {ippe{ir to exist 
(see later, Iron ”). 

With some metals — for instance, aluminium — nickel combines 
quite violently when one or other is in a meltetl stile. 

Nickel combines with carbon in a manner simihii- to iron, {ind a 
characteristic compound, nickel carbonyl, is formed with ciuhon 
monoxide. This substance is formed by direct comhinjilioii of 
carbon monoxide with the metal at about 150 ^’ 0. ; .at n high tem- 
perature it dissociates into nickel, containing a little ejii’hon, ^|nd 
CO. The compound liquefies easily, and solidifies jit a low tem[)era- 
ture. It has tCe composition Ni(CO)j. Owing to the Ciise of its 
formation and decomposition it has become a most viduahlt^ rne.ans of 
extracting nickel from poor ores. 

Meteoric irons contain nickel com] hneci with phosphojais, .and t his 
combination sterns to account for the WidmannstJiti.an iigures.slujwn 
when polished faces of these irons {u-e etched with an Jicid. 

Experiments. 

Met allic nickel can be obtained as wire or thin sluiet. 

ITHeated in an open tube, a piece of bright nickel loses its Iusir<s 
but no detachable anionnt of oxide is formed in a modmutt^ time, 
unless some pure oxygen be sent tbrough the tidxa Mdm oxide 
formed adheres closely, but may be scraped off with a. knife. 

II. Water has no action below 

^IIl, Heated with sulphur, the action is somewluit slow. At Ji 
moderate temperat^ire a grey-black sulphide is formed, NiS. It is 
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crystalline, but not very fusible ; insoluble in water, but decomposed 
by acids. • 

IV. HCl dissolves the metal readily, with evolution of hydrogen, 
which' smells somewhat like coal-tar, or carbon compounds. The 
solution is bright green ; on evaporation a yellow solid, NiCl^, is left. 
Sulphuric acts similarly, and gives green crystals of sulphate, NiSO^. 

Nitric acid gives a blue-green solution. The solution on evapo- 
ration leaves yellowish crystals of NiN^Og — very deliquescent. On 
heating to redness a black oxide is left. 

The oxide dissolves in acids, but not in sodium hydroxide. Freshly 
precipitated Ni(HO )2 dissolves in ammonium hydroxide, givingablue 
solution. 

V. Ni exposed to moist air and ammonia gas rapidly oxidises. 

VI. Melted ammonium nitrate dissolves the metal, producing a 
nickelamine nitrate, which on heating explodes or puffs off* with 
much smoke. 

Dry Reactions. 

When nickel compounds are heated on charcoal with dry sodium 
carbonate in the inner blowpipe flame they are reduced to a grey 
metallic powder, which is feebly magnetic. Heated on a borax bead, 
in the outer flame, they yield an intensely coloured glass, which 
appears hyacinth-red to violet-bj'own when hot, and reddish-brown 
when cold. On fusing a little nitre in the bead the colour is changed 
to bluish or dark purple, whereby ^ickel compounds may be distin- 
guished from those of iron. Heated in the reducing flame, the 
colour of the borax bead disappears, and it assumes a turbid grey 
appearance, owing to finely divided particles of metallic nickel 
disseminated through it. The reactions with microcosmic salt are 
similar, but the bead becomes almost colourless when cold. 

Reactions in Solution. 

M^ist salts are soluble. The solid salts, containing water of 
crystallisation, are mostly green, and their solution^ are green. 
When heated they lose water and change to yellow, and are amorphous 
when they have not been melted. (Comp, also ‘‘Cobalt,’’ p. 145.) 
A solution of both a nickel and a cobalt salt may be red, green, or 
colourless, according to the quantities present of each of the metals ; 
when the metals are in atomic proportions the mixed solution is 
colourless, or practically so. 

(NHJ^S (group reagent) gives a black precipitate of nickelous 
sulphide, NiS, soluble in excess of the reagent, especially in the 
presence of fi'ee ammonia or of yellow ammonium sulphide, formmg 
a dark brown solution — this is a good indication of nickel. The 
sulphide is slowly reprecipitated on boiling. The presence of am- 
monium chloride (or, better still, ammonium acetate) assists the 
precipitation. Nickelous sulphide dissolves with difiiculty in dilute 
hydrocliloric acid, but readily in nitric acid or aqua regia. 

gives no precipitate in acid solutions, and a partial precipi- 
tate only from a salt of nickel with a mineral acid, but produces 
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readily a precipitate from a solution of nickelous ac©ta,te, or a iiickel- 
ous salt mixed wiSh an alkali acetate, especially on heating. 

ISTaHO, or KUO, preci[>itates froni cold solutions a,n appdj-green 
coloured hydroxide, Ni(HOk, insoluble in excess, soluble in ammonium 
salts to a greenish-blue fluid. Nickelous hydeoxide leaves on ignition 
nickelous oxide. It does not absorb oxygen trom the air. 

KHpH produces a slight greenish preci})itate, readily soluble in 
excess of hydroxide to a blue iluid. ISfo pre(;ipitate in presence of 
ammonium chloride, owing to a double salt being formed. 

precipitates an apple-green basic carbonalc, varying in 
composition. 

KHjHCO. 5 , same precipitate, readily soluble in excess, after wash- 
ing, to a greenish-blue solution. 

KCy gives a yellowish-green precipitate of nicla'lous cyanide, 
NiCy^, which dissolves readily in excess of potassium cyanide to a 
brownish-yellow solution, containing a double cyanide of nickel and 
potassium, 2K0y,NiCy^,. On adding a dilute acid (HCl or Jd,,SOj), 
KiCy,, is reprecipitated, and the KUy is tlccom posed with evfdution 
of HOy. Boiling with hydrochloric acid decomposes the nickelous 
cyanide also. 

The solution of the double cyanide is not altered hy Ixiiling witli 
excess of HCy, but the nickelous salt is oxidised, at the oi’dinury 
temperature, by a concentrated solution of sodium hvjiochloritti, 
CUSTaO, or chlorine or bromine water, to black nickehc hydroxid<‘. 
whiefe is gradually precipitated ; tlius : 

2NiCy, + OlNaO + DOIT. == Nb(ll< + NaCJi -t- I IKly. 

Kickelic hydroxide may also be obtained ]>y passiiig chlorine 
through water in which nickelous hydroxide is suspended. Ih*omine 
wat.er and then sodium hydroxide added to a nickel solution also 
throw down the black hydroxide. HOI decomposes tin.* higher 
oxidised compound into nickelous cliloride aiul free chloriiua A 
nickelic oxide, NOO 3 , obtained by gently heating ilm hydjtjxidc, or by 
keeping the^ nitrate at a temperature of about (t, is a lilack 
substance, scarcely soluble in boiling acetic acid, 

COBALT, Co" and * 0 — Occurs in nature as sulphide, or cobalt 
pyrites, Co^Sg; as arsenide in AsJA), tin-wlute cobalt or stnaltiue 
(speiss cobalt) ; as sulpharsenide or cobalt glance, ASy(Jo,( ‘oS, ; also in 
the form of products of oxidation, sucli as cobalt vitriol, (joH< ; 

as arsenate, COgASgO^^Hlip, in cobalt blooiii. tlolialt is gmau-ally 
found in small quantity in most nickt‘] and iron oih‘s, ami In so'me 
Slaver ores. It resembles the metal nic.kel very closi‘ly ; tla»y appear 
almost to be right- and left-handed modifications of'tlits same sub- 
stance. Its atomic weight = 58-1^1). Bpecilic gra,vity, Melting- 

point, about 1800° 0. It is slightly redder in tint than Xi, and also 
a little harder. When pure it behaves similarly to Ni as rt/gards air 

* Potassium cyanide is seldom pure enough to give this reaction cleanly. 
The salt should he recrystallised from alcohol when required for this te.st. 
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and water and acids. It also becomes slightly magnetic. Cobalt is 
not quite so abundant nor is it so much used asiflckel. Cobalt does 
not form a compound with CO. 

Cobalt Alloys. 

These are not numerous, although the metal seems to act very 
like nickel towards copper, aluminium, and other metals. 

Both cobalt and nickel form a definite crystalline compound 
with tin, of the composition CoSn and NiSn respectively. These 
compounds are quite insoluble in dilute mineral acids. 

Experiments. 

These results are to be compared with those from nickel. 

Metallic cobalt can be obtained in thin electro ^deposited plates, 
or in small pieces from fusion. 

I. Heated in air, the metal becomes covered with a film of oxide, 
but slowly. 

II. Water has no action at 100°. 

III. Sulphur combines slowly, forming black CoS. 

lY. Acids act with about the same ease as on nickel. With HCl 
the solution is pink, and becomes blue on evaporating ; finally a blue 
mass of CoCI, is left, which is very soluble in water. 

H^SO^ acts similarly when heated and not too dilute. On evapo- 
rating nearly to dryness, red crystals of CoSO^ are formed. 

HNO3 acts more rapidly. The solution is pink when dilute, and 
blue when concentrated, and on complete evaporation a blue very 
deliquescent mass is left. Further heating gives black oxide, Co^^. 
This is soluble in acids, and gives the same salts as from the metal. 
The nitrate is CoN^Og-l- Aq. 

Y. Alkalies have no action either on metal or oxide. 

YI. Ammonium nitrate, melted, dissolves the metal more rapidly 
than it does nickel. A rosy- coloured cobaltamine nitrate and nitrite 
is produced, which explodes when heated. , 

Dry Reactions. 

Cobalt is usually detected with comparative facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when sulphurous and arsenious anhydrides are evolved. 
The residue is then introduced into a borax bead, and heated in the 
outer flame, when a fine blue-coloured bead is obtained. This colour 
remains the same both in the outer and inner, or reducing, flame, 
En cases where much Mn, Fe, Cu, or Ni are mixed with Co, the blue 
ippears distinctly only after the bead has been heated for some time 
:n the reducing flame. Microcosmic salt gives a similar blue bead. 
Eeated on charcoal with sodium carbonate in the reducing flame^ 
jobalt separates as a grey metallic powder, which is attracted by the* 
nagnet. Potassium cyanide is more effective than the carbonate as^ 

. rAdiininflc fl.jprent. 
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Reactions in Solution. 

Cobalt salts are mostly red orpink wlicm crystalline and liydraied. 
The solutions are also red. When dehydrated they become blue. 
The solutions also, when concentrated and warm, are blui‘, and turn 
pink on cooling or diluting. Strong solutions oi* colnlt salts se<un, 
as a matter of fact, to dehydrate in the presence of water. The 
addition of a strong acid, as HOI or HNO. 5 , to a cobalt solution will 
change the colour from pink to blue. 

(NHJ,S (group reagent) gives a black precipitate of cebaltoiis 
sulphide, CoS, insoluble in excess of the reagent, and very diiliculily 
soluble in dilute hydrochloric or sulphuric acid, but readily soluble 
in aqua regia upon the application of heat. Hence a, black residue 
left, on treating the ammonium sulphide precipitate of (h*oup 111 . 
with dilute hydrochloric acid, indicates probably the presence of 
cobaltous or nickelous sulphide. 

SH, gives no precipitate from an acid solution, but precipitaf.es 
cobaltous sulphide partially from a neutial solution, and wliollyfrom 
a solution of cobaltous acetate, or from a solution of a cobaltous salt 
containing a mineral acid on the addition of an alkali acetate. 

KHO or HaHO gives a precipitate of a blue basic salt wliich 
turns olive-green on exposure to air, owing to the absorption of 
oxygen. On heating in very dilute solutions a i‘ose-re<I cobaltous 
hydroxide, Co(HO)^„ is obtained, which, however, often contains a 
small amount of the dark brown 9 xide. Ammonium carbonatti dis- 
solves the precipitate (after filtration and washing) to an intensely 
violet- red ..fluid. This contains the salt of a cobaltamine. 

By suspending cobaltous hydroxide in water, ttnd ptissing a 
^current of chlorine into it, black cobaltic hydroxide is preci]>itated, 
cobaltous chloride remainingin solution ; thus : 

' 80o(HO),, -{- 01, - Co,(HO), + OoOl,. 

Cobaltic 

hydrate. 

In the presence of an alkali (NalKJ) the whole of the cobaltous 
hydroxide is converted into cobaltic hydroxide. lir or 1 act as well 
as 01 . 

NH;H0 produces in neutral solutions a slight precipitat(^ of a 
basic salt,' which dissolves readily in excess. The solution is reddish- 
‘brown. Ammonium chloride prevents the precipitatioti altogi^ther. 
The solution, however, absorbs oxygen from the air, and becomes red 
on standing, a roseo-cobaltamiiie being formed. 
rNa, 00 ,j precipitates a peach-coloured basic carbonate. 

(NH^H) 003 , precipitate; readily soluble in excess to a red 
solution. 

KOy gives with all neutral cobaltous salts a browtiish- white pre- 
.^cipitate of cobaltous cyanide, Oo(Jy,„ soluble in excess, ropretapitated 
^ by dilute hydrochloric or sulphuric acid. 

H.B. In case the cobaltous solution should contain free actid, so 
that It .liberate 'hydrocyanic acid by the action of the latter upon the 
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exce^ of KOy, also if tbe solution containing the double cyanide, 
2 KOy,CoCy 2 , be heatedin the air for some time, dilute hydrochloric or 
sulphuric acid will no longer produce a precipitate, the whole of the 
cobaltous cyanide having been converted into cobaltic cyanide, Oo^Cyg, 
which remains combined with (IKCy to form a well-defined and stable 
salt, potassium cobalticyanide, KgCo/jy^^„ hydrogen being evolved ; 
thus : 

SGoGy, + 2HGy = Co,, Gy, -f- R,. 

GKOy -{- Go.Gyg = K,Co,6yj,. 

Potassium 

cobalticyanide. 

This salt is not acted upon by a cold solution of sodium hyjio- 
chlorite. It corresponds closely to potassium ferricyanide. From it 
free cobalticyanic acid may be obtained. A series of salts of this acid 
is known (see later). 

Separation of Nickel from Cobalt , — The hydrocyanic acid reaction 
affords a good method of separating nickel from cobalt. To a slightly 
acid solution of the two salts add cautiously, drop by drop, a solution 
of potassium cyanide as long as a precipitate forms, and till the pre- 
cipitate is just redissolved and the yellowish -brown turbid liquid has 
become clear. Boil for some time in a well -ventilated place, to avoid 
inhaling fumes of 110111 which escape, allow to cool, and add a 
moderate quantity of bromine water, chlorine water — or a hypochlorite 
such as bleaching- powder solution will do as well — and then NaOH. 
]lSrq(HO)g is precipitated on gentfy warming, and cobalt remains in 
solution as KgOo,,Gyj.,. Separate by filtration. Test the residue in 
a borax bead for nickel, and evaporate a part of the solution to dry- 
ness and test for cobalt by means of a borax bead. 

Instead of separating nickel as Ni,,(HO)g by means of hypochlorite 
or Br water and NaOH, the solution, after digesting with excess of 
HGy or KOy, may also be precipitated whilst hot with freshly pre- 
cipitated and washed mercuric oxide. On digesting for a short time 
at a*gentle heat the whole of the nickel is precipitated, partly as 
Ni(HO)^, partly as NiGy,,, the mercury combining with the liberated 
cyanogen . Filter off the greenish or yellowish-grey precipitate, wash , 
and ignite. Pure NiO is left ; thus : 

(1) 2NiCy, -f- HgO + OH, = HgCy, -f Ni(HO)„NiCy,. 

Greenish 

precipitate. 

(2) Ni(HO)„NiOy, -f- HgO -f ^ 2NiO -b HgGy, -f OH,. 

Volatile 
on ignition. 

The cobalt remains in the solution as KgCo, Gyi,,. Nearly 
neutralise with dilute nitric acid, and add a neutral solution of 
mercurous nitrate, A white precipitate of mercuroug 

cobalticyanide, Hg^GOoGy^,,* forms, which contains the whole of the 
cobalt. Filter, wash, and ignite under a hood with free access ol 

- — 1 j „ - 1 j_» - j. - ^ r\ i i _ ri. 
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Another method of separation consists in addin<,^ a coucentra,ted 
solution of pure KKO., (potassiiau nitrite) in consideinhlt^ excess to 
a concentrated neutral solution of the two nu‘.tals, then acjotic acid 
until acid to test paper. On keeping the solution in a, moderately 
warm place the nickel salt remains in solution, and the whole of the 
cobalt separates in the form of a crystalline precipitate? of a. fine 
yellow colour (from a dilute solution only after long standing), the 
formation of which is expressed liy the erpiation : 

SOoN.O, + I tKNtX, + 1 + OH, - 

Oo,C(NO,),GKNO„aoa, + 4KNO, + 

Yellow precipitate. 

The precipitate is perceptibly soluble in cold, and more i*eadily 
still in hot water ; it is decomposed by hot nitric or hydrochloiic 
acid, or by potassium hydroxide ; insolulde in alcohol and in the 
presence of potassium acetate; and it can thei'ofore be waslual by 
a. solution of potassium acetate, and finally with alcohol. This 
reaction separates nickel from cobalt very etlectually/ 

From the filtrate the nickel is best precipitated as tin? apple- 
green basic carbonate by a fixed alkali carbonate, or as the per- 
oxide by addition of bromine water and an alkali. 

The presence of Ba, Sr, or Ca pits interferes with the reaction, 
triple nitrites of Co, Ni, and one of the other metals being formed, 
nickel forming similar compounds with Ba, Sr, or Ca to those which 
cobalt forms with the alkali metals. 

On igniting Ni(NO.j)j,, a dirty greyish powder of \i(.) is left. 
Co(N 03)2, heated gently at about 200° in an air-bath, leaves black 
cobaltous dicobaltic tetroxide, Co.p,,, which is not soluble in boiling 
dilute acetic acid. On treating this oxide with hydi'ochloric acid 
chlorine gas is evolved, according to the equation : 

Oofi, + 8HC1 - liOoCl + Cl, -f 'KJTI,. 

Both nickel and oobalt are capable of forming compounds in 
which the metals exist in a triad condition, viz : 

Ni^Oy, Co,0.„ and 
Nickelic Cobalt'ic Cobaltic 

oxide. oxide. sulphide. 

Ni.O^ is, however, mostly obtained in tiie presence of water by the 
d^on of oxidising agents, and cannot exist at a high tempeiuture, 

C03O4, on the other hand, is obtained in the dry way, or on gentle 
ignition of cobaltous salts containing volatile adds, and gives up a 
portion of its oxygen only on strong ignition. 

The same tendency to form a compquml in which ccdialfc exists 
r' as a tetrad element is observed on exposing the freshly pn?cipitaied 

* This reaction can evidently not be used for hurried work. 
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hydroxide to the air, or on passing chlorine or adding bromine or 
iodine* to cobaltous solutions. • 

Little use has been made of these reactions for analysis purposes 
beyond the conversion of CoOy^ into OogCyg, in the presence of 
potassium cyanide, or of CoO into OogOg in the potassium nitrite 
reaction. 

MANGANESE, Mu'", and — Atomic weight, 54*8 ; specific 
gravity, 8*0. It melts at about 1900° C. Occurs in nature in 
various states of oxidation, forming oxides, of which the mineral 
pyrolusite, MnO^, is the most important. It is found in small 
quantities in many iron ores, and is a frequent constituent of 
silicates, the MnO replacing the isomorphous bases, FeO, ZnO, MgO, 
OaO, without altering the crystalline structure of the minerals. It 
exists both in the dyad and tetrad condition in manganous and 
manganic oxides. The anhydrous oxides known, besides pyrolusite, 
are braunite, Mn^Og, hausmannite, MugO^ ; the hydrated oxides are 
manganite, Mn^OgjU^O, psilomelane, wad, varvicite, copper-mangan, 
&c. Manganese is found in combination with sulphur in manganese 
blende, MnS ; with carbonic acid in diallogite, MnCOg ; with silica 
in red manganese or mangan kiesel (rhodonite), MnSiOg; and in 
tephroite, Mn^SiO^ ; with phosphoric acid as triplite, MDg'FegP^Og. 

Manganese is not used exactly in the pure metallic state, but is 
largely employed as an alloy with iron, as spiegeleisen, manganese 
steel, and in some bronzes, (fee. Spiegeleisen, or ferromanganese, is an 
essential reagent ’’ in the manufacture of steel by the open hearth ” 
and the “ Bessemer ’’ processes. In both processes an oxide of iron is 
produced and dissolved by the steel.’’ Ferromanganese is added at 
the final stage in the process. The manganese removes the oxygen 
compound, forming a fusible slag, and the carbon of the ferro- 
manganese ‘‘ carburises ” the steel. Manganese combines also with 
and removes sulphur from melted iron or steel. Manganese can 
be obtained in a compact state by reduction of the oxide wuth 
aluminium powder, in which form it is sometimes used for preparing 
alloys, with copper and other metals. It imparts considerable 
hardness to alloys. Manganese bronze, a compound of manganese 
and copper, is a very valuable alloy. Manganese is not magnetic. 
The powdery metal obtained by reduction of the oxide by carbon 
oxidises very rapidly in air and water, and dissolves in most acids, 
but the compact metal is not very easily acted upon. 

Experiments. 

I. HCl dissolves MnO^ (and other oxides) ; chlorine is evolved 
on heating. On evaporating, a pale pink mass of MnOi, is left. 

II. Alkalies are without action in solution, but when melted 

form a green mass of alkali manganate. , 

III. With the metal. Metallic Mn powder heated in air 
oxidises, frequently glowing and forming a red or brown powder. 

IV. HCl dissolves the metal slowly, giving off K, which contains 
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some hydrocarbon. J)iluto<l nitric and sniphiirie al-^o disso]v<‘ it, 
but the concentrated acids liave little aci.ion. 

y. The finely powdered metal oxidises very rapidly when dropped 
into melted nitre. 

Dry Reactions. 

The presence of manganese is rea<lily detected in ininornls which 
contain no other oxides capable of colouring fluxes, as they dissolve 
when heated in the outer flame, in the borax bead, or in a. hc^ad of 
microcosmic salt, to a clear violct-red colour, whicli becomes of a fine 
amethyst colour on cooling. The head becomes colourless when 
heated in the reducing flame. If other metallic oxides are present 
it is preferable to mix a small trace of the finely powdered manganese 
compound with two or three times its weight of sodium carbonate 
(a little nitre should also be added), and to fuse on ].)latiiumi foil 
(a small platinum spoon or the lid of a platinum crncibh‘) in the 
oxidising flame, or over the tip of the Bunsen, wlien a bluish-green 
mass is left after cooling, consisting of sodium manganate, Xa,Mn()j. 
The mass at the same time loses its trans]>arency. Tins forms the 
most characteristic and delicate reaction for manganese. M {inganons 
and manganic oxides are converted by this treatmciit into a higher 
oxide, perhaps 

Reactions in Solution. 

The sulphate and chloride are, soluhlo and common. Solid 
hydi’ated manganous salts are pinkish in colour. 

All the higher oxides of manganese, when ]ieate<l with hydrochloric 
acid, evolve chlorine, and are converted into manganous chloride. 
!idio chlorine so evolved is sometimes taken as a measure of the 
amount of MnO^, present in a manganese oi’C. 

Dilute solutions of pure manganous salf.s are colourless. 

(group reagent) gives a flesh-eolouretl precijdtate of 
manganous sulphide, MnB, readily soluble in dilute acids, even aceti<? 
acid. Hence the presence of free acetic acid prevents tlu‘ pr(‘<dpi* 
tation of manganese by (method of distinguishing i k> and N i from 
Mn). The manganese may be .separated by rep(*ating on<‘0 or t wice 
the precipitation of cobalt and nickel in tli'e presenctVof a(d<L 

SH, does not precipitate a neutral solution of a manganous salt ; 
the acetate is acted upon but very slowly and imperfectly, and not 
at all when free acetic acid is present. 

KIIO or HallO gives a white precipitate of manganmishydroxide, 
Mn(H 0 )j,, insoluble in excess. The precipitate speedily absorbs oxyg<*n 
frq^the air, and turns dark brown with formation of 
which then no longer dissolves completely in ammonium chloride/ 
NH4HO precipitates a white hydrated oxide from neutral sohe 
tions; insoluble in excess, or in ammonium carbonate, jf. rapidly 
j^bsorbs oxygen, ^ No precipitate is pro<lucod in solutions containing 
a^mmonium chloride. On exposing an amrnoniacal solution of the 
soluble double chloride, SNIi^ChMnCT^, to tlie action of i-he air, the 
whole of the manganese is gradually precipitat<ul as dark* brown 
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manganic hydroxide, This reaction is characteristic for 

manganese compounds, and distinguishes it from nickel, &c. In 

this change the ammonia conveys oxygen to the manganous salt in 
a mariner similar to the action it has upon cobaltous salts, or upon 
metallic copper, in the presence of oxygen or air. That is, a small 
quantity of manganamide is produced, which rapidly becomes oxidised 
and passes the oxygen to the manganese itself. 

Owing to this tendency of manganous salts to become oxidised and 
precipitated in the presence of free ammonia, it is not possible to 
completely separate manganous from ferric salts by means of ammo- 
nium chloride and hydroxide. The reddish-brown ferric hydroxide, 
which is precipitated, invariably carries down more or less Mn.,0,^,H.,0 ; 
and small quantities of manganese cannot, therefore, be separated from 
iron by precipitation with these reagents. The separation succeeds 
best if the excess of ammonia be immediately boiled oft’ 

Na^CO^ or K,CO,j precipitates white manganese carbonate, MnCO^, 
insoluble in excess of the reagent, but pretty readily soluble in ammo- 
nium chloride. This precipitate also absorbs oxygen from the air, and 
turns to a dirty brownish-white colour, owing to the formation of man- 
ganic oxide or hydroxide. On ignition with free access of air the white 
carbonate turns first black, and changes subsequently to brown triman- 
ganic tetroxide, MngO^. All manganese oxides are finally obtained 
upon ignition in the air in the form of -Mn^O^. Both Mn^.O^ and Mn.Pj 
are compounds of MnO with MnO^. 

KOy gives a whitish precipitate of manganous cyanide, MnCy^, 
soluble in excess to a brown solution, which is not precipitated by 
ammonium sulphide. Manganous compounds, soluble or not, are 
very readily oxidised on contact with water and chlorine, bromine, or 
iodine, or a hypochlorite to MnO.,H^,0 : 

MnCl, + ClNaO + 2 OH, == + NaOl + 2HC1. 

By fusion with dry sodium carbonate, alone or together with nitre, 
the imnganous or manganic compounds are converted into an alkali 
manganate, in which the metal manganese acts the pajjt of a hexad 
element. Only the alkali manganates dissolve in water, giving green 
solutions. 

Manganates are readily decomposed in aqueous solutions. On 
gently heating a solution of potassium manganate, with free access 
of air, the green colour changes to purple-red, owing to the formation 
of potassium permanganate, K,Mn,Og, and separation of hydi'ated 
dioxide and alkali hydroxide, thus : 

3K,MnO, -F 30H, - E:,Mn,Og -f MnO,,H,0 -f 4KH0. ^ 

The change is accelerated by adding a few drops of a dilute mineral 
acid, e.g., nitric, hydrochloric, or sulphuric acid, which combines with 
the liberated alkali and manganese oxide. 

The manganese seems to act here the part of a pseudo-octad 
element ; and it may readily be inferred that the different oxygen** 
atoms perform different functions in such a highly pxygenised com- 
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pound, and that the manganese will part with some more readily 
than with others. ' 

Manganic dioxide, as well as other peroxides, ^ also tlie alkali 
manganates and permanganates, act as powerful oxidisers, diilering 
merely in the extent of their oxidising action. 

Manganic dioxide gives off oxygen on wanning with concentrated 
sulphuric acid, and forms normal manganous sulphatti : 

2MnO, + 2H,SO, - 0, + 2MnS(), + 2011,. 

Sulphuric acid added to sodium, or other manganato, gives oil* 
oxygen, and forms sulphates, thus : 

Na^MnO^ + 2H,S0, = 0, + MnSO., + Na.SO, + 2011;,. 

Sulphuric acid added to a solution of potassium permanganate 
liberates five atoms of oxygen, and leaves manganous and potassium 
sulphates in the solution when something is present capable of 
taking up the oxygen. 

2K,Mn,0g 4- GH,SO, = 50, + 4MnS0, + 2K, SO^ -f (lOli,. 

Note. — This equation is true if the permanganate be added to hot 
moderately strong sulphuric acid. When added, in powder, to cold 
CO icentrated H,SO.j, the first reaction is 

K.MnPs + H,SO, - K,SO, + H,0 + 

This substance Mn,Oy collects in oily drops on tlie sulplmric acid. 
They have a beetle-green lustre, and give ofi'a pink vapour. (Jon tact 
with almost any kind of combustible substance, as sul])hur, phos- 
phorus, carbon compounds, especially solid ben/.enoid hydrocarbons, 
will cause a violent explosion. Fer/y ItUle of this substaime must be 
made at once, as a slight elevation of temperature also causes violent 
decomposition. The substance distils over along with steam, ami 
condenses, yielding free permanganic acid. 

Hydrochloric acid also reacts with the higher oxides of nmnganese, 
with evolution of chlorine and formation of metallic <thlorides ami 
water. Potassium permanganate and hydrochloric acid form tiui 
most convenient chlorine ^‘generator” on a small scale. Tho per- 
oxides of manganese, especially the black oxide, (‘onstituto tho 
principal substances, used together with hydrochloric acid, or sodium 
chloride and oil of vitriol, for evolving chlorine both in the laboratory 
and on a manufacturing scale. 

No other mineral oxidising agent is capable of yiokling from om;j 
molecular group of elements five atoms of oxygen ; md there nm hut 
few substances which resist the oxidising action of potassium pei*- 
manganate. Hydrogen, freshly ignited charcoal, phosphorus, iodine, 
sulphur, sulphuretted hydrogen, carbon disulphide, hydrocarbouH 
f|,nd organic bodies generally, are oxidised more or less rapidly. I'he 
rate and products differ according as the solution is acid or alkalitm. 

Most of the common metals are oxidised in contact with a perman- 
ganate and an acid. This action is nob so general when tho solution 
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is alkaline. Iron is not in the least affected in an alkaline solution. 
Many lower oxides, chlorides, &c., are converted into higher oxides, 
cfec., especially in the presence of a free acid (hydrochloric or sul- 
phuric). Thus arsenious is converted into arsenic acid, sulphurous 
into sulphuric, nitrous into nitric, phosphorous into phosphoric acid. 
Oxalic acid is oxidised into carbon dioxide and water. Lower or 
-ous chlorides, sulphates, &e., are converted into the higher or -ic 
salts ; e.ff., ferrous, stannous, antimonious, cuprous, and mercurous 
chlorides are oxidised or chlorinised,’’ in the presence of free 
hydrochloric acid, into ferric, stannic, antimonic, cupric, and mercuric 
chlorides. The manganese and potassium of the permanganate are 
left in solution as chlorides. Ferrous, cuprous, and other sulphates 
are converted in the presence of free sulphuric or hydi^ochloric acid 
into ferric, cupric, &c., sulphates. 

The reaction in all these cases is indicated by a change of colour. 
On adding, for instance, the purple-coloured permanganate solution 
to a solution of sulphurous acid the colour is instantly destroyed as 
long as any sulphurous acid is left. Permanganate is a quantitative 
measure for sulphurous acid, and in like manner for other lower 
oxides, chlorides, organic substances, &c. 

Sulphurous acid requires one atom of oxygen in order to be 
converted into sulphuric acid ; as one molecule of potassium per- 
manganate can part with five atoms of oxygen, one molecule of the 
oxidising agent oxidises five molecules of the reducing agent — i.e., 
316 parts by weight of potassium permanganate are the measure for 
5 X 64 = 320 parts by weight of SOj^. 

Two molecules of ferrous sulphate in the presence of sulphuric 
acid combine with one atom of oxygen to form one molecule of ferric 
sulphate, thus: 2FeS0^ + B[^,S0^-f-0 = Fe 2 (S 04 ) 3 -f Hj,0. Hence one 
molecule of potassium permanganate oxidises ten molecules of 
FeSO^, ten molecules of FeO, or ten atoms of Fe ; so that 316 parts 
by weight of K^Mn^Og are a measure for — 

• 10 X 152 parts by weight of FeSO^ 

or 10 X 72 „ FeO * 

or 10 X 56 „ Fe. 

ZINC, — Occurs in nature chiefly as sulphide or zinc blende, 

black jack, ZnS ; as carbonate, or calamine, ZnOOg ; and as silicate, 
or zinc glance, electric calamine, Zn^SiO^jOHg, willemite, Zn^SiO^ ; 
also as oxide in red zinc ore, ZnO. The red colour is due to oxides 
of iron and manganese. 

The metal being volatile at a high temperature is extracted from 
its oxide by distillation with carbon. It is of a decided blue tioj.; 
highly crystalline, and somewhat brittle when cold, but becomes 
malleable when heated to about 120° C. Its atomic weight = 64*90 ; 
specific gravity, 7*15 ; melting-point, 360° 0. ; boiling-point, about 
1040° 0, It oxidises super&ially in air, and decomposes water ^ 
slowly at its boiling-point (100° 0.), and steam rapidly at a red heat. 
It dissolves in most acids, mineral or organic, displacing two equi- ' 
valents of hydrogen. It is also dissolved by the alkali hydroxides 
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when they are fused or in aqueous solution. Ausmoniuin hydroxide 
dissolves it in preseisce of air, and the metal d(‘(*um poses also ^^•lstious 
ammonia when heated in it. Ammonium niij’aiti in a nielttsl 
attacks the metal very violently, its water soluiioti also ilissolves 
the metal without evolution of gas. Most ammonia salts arti de- 
composed more or less rapidly by /ine. 

Zinc oxide is neither fusible nor volatile at tfunpcu-atures below 
that of burning hydrogen or the electric are. Jt is used in some 
incandescence lamp mantles. 

Zinc is more electro- positive than most other common metals, and 
as it dissolves both in acids and alkalies can rculiKu*, most of the 
per- or -ic salts of tliese metals to a lower state of (•f)mbination, or 
even to the metallic state. It reduces solutions of salts of Fe, Cr, 
Co, Mn, Ni, Mo, Ti to their lowest stage of combination, and Cu, F!)^ 
Sn, Sb, As, Ag, Od, Bi, Au, and Pt to tlie metallic' state. 

For this reason it is largely used as tlic positiv <3 element in 
several forms of galvanic coil. 

In a state of powder, known as zinc dust — really a mixture of 
the metal and hydroxide — it is used to re<luce ” some organic com- 
pounds, or deprive them of oxygen or halogens and add Iiydrogen. 

With some organic radicals, as methyl (Oil,,), ethyl (( U IJ, Aai., it 
foi-ms a series of compounds, mostly volatile, whic'li are self-iguiiing 
in contact with air. "Ihis is especially tlio ease witii zinc nujiliy! 
Zn(OHJ., and zinc ethyl, Zn((I,H,J^,. " ^ 

Zinc Alloys. 

The metal unites with most other metals, but fe\v of the com- 
pounds or alloys possess the physical properties generally recpdred 
for practical purposes. Its most useful comlnnation is with coppcu’, 
constituting brass. Muntz metal contains zinc, eoj^per, iron; and 
many bronzes ” contain small quantities of the metal. ‘‘ Ciiivan- 
ised ’’ iron is a surface alloy of zinc on iron, prepared either by dipping 
the clean iron article into melted zinc or by electro deposition, 'rhe 
idea in its employment is that tlie zinc wili oxuHse first and preserve 
the iron. It does this also because the zinc oxide ** sticks " fast on 
the surface of the metal, and thus protects it from rapid oxidation 
like a coating of varnish, whilst iron oxide peels oil almost as ra iudlv 
as formed. 

Many triple alloys, such as zinc-aluminium-iin, havt‘ found spccilic 
uses. 

Zinc does not imite with lead to the extent of mon‘ than I per 
cent. ^ 

Experiments. 

I. Zinc heated in air melts, with formation of a film of o.xide, 
which soon wrinkles. The metal when hot enough vap(mrises and 
purm with a blue ilame ; a crust of oxide forms, din’s oxide, Zn< b 
is yellow whilst hot and white on cooling. It doi‘s not melt or 
vapourise. 

II. Water has little visible action below 100*". 
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III. Just melted with sulphur, very little action takes place, or 
only a •superficial one. Strongly heated, to vapourising, in a hard 
tube^ a somewhat energetic combination takes place. It is best to 
heat up quickly over a blowpipe. 

lY. HOI and H^SO^ (dilute) dissolve the metal rapidly, evolving 
hydrogen. The sulphuric acid solution on evaporation easily gives 
white crystals of ZnS0^,7H20. The HCl solution on evaporation 
yields a syrup, ZnOJ^, which at a red heat gives oft* whitish vapours. 
On cooling it sets into a white or sometimes glassy mass. It is 
extremely deliquescent and soluble. 

Nitric acid acts very rapidly; red fumes are evolved. The 
solution contains ZnN^O^, w^hich is left on careful evaporation as a 
similar substance to the chloride. 

Alkalies dissolve the metal on heating, liberating hydrogen and 
forming white compounds, as ZnOK^O. If Fe or Pt be present the 
action is more vigorous. 

The oxide dissolves very easily both in acids and alkalies, includ- 
ing ammonium hydroxide. 

Dry Reactions. 

The most characteristic blowpipe reaction for zinc consists in the 
white incrustation of zinc oxide which its compounds yield when 
heated on charcoal in the reducing flame with sodium carbonate. 
The zinc compound is reduced to the metallic state, and the metal, 
being volatile, burns, on passing J^hrough the outer flame, with a 
bluish-green dame, and is converted into oxide, which covers the 
charcoal with an incrustation, yellow when hot, white when cold, 
and which assumes a fine green colour when treated with a solution 
of cobaltous nitrate and once more strongly heated in the outer 
flame. The incrustation is not driven away in the oxidising flame 
— zinc oxide being non-volatile. 

Zinc compounds give with borax or microcosmic salt in both 
flames^a bead, which is yellowish whilst hot and white on cooling ; 
opaque if much zinc salt be present. This applies, however, only to 
pure zinc compounds, and the detection of zinc by the* blowpipe in 
poor ores containing other readily oxidisable metals (such as Pb, Cd, 
As, Sb, which likewise give incrustations) is a matter of great uncer- 
tainty. The borax bead test is quite unreliable for zinc. 

Zinc sulphide (zinc blende), when roasted in a tube of hard glass, 
loses part of its sulphur in the form of sulphur dioxide, and forms 
some zinc sulphate, ZnSO^ (white vitriol), which may be extracted 
with water. 

Both calamine and blende on thorough roasting leave zinc oxide. 

Reactions in Solution. 

Most zinc salts are soluble in water, the chloride and nitrate 
extremely so. They are only coloured when the acid is coloured, or 
a chromogen. , * 

(NHJjjS (group reagent) gives a white precipitate of zinc sulphide, ** 
ZnS, insoluble in excess. From dilute solutions ,the precipitate ■ 
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separates only after some time, but more spt^edily in the presence of 
ammonium clilorid'o. It is readily decomposed by dilute iiydro- 
chloric and sulphuric acids, with the evolution of sulphuretted 
hydrogen j also by nitric aci<l, but is insoluble in aeeiie aei<l 

SI-I, precipitates zinc imperfectly from neutral solutions of zinc 
salts With mineral acids; but fi'om a,n acetate or a, solution of a 
zinc salt mixed with an alkali acetate the whoh^ of ihe metal is 
precipitated by sulphuretted hydrogen as zinc snlphiihy (Wcn in 
the presence of much acetic acid. (Method of sepai'ation of Zn 
from Mn.) 

KHO or NaHO precipitates the white y^n(fl()).„ leatlily soluble 
in excess, also in ammonium hydroxide ; reprecipitat(‘d almost entirely 
on largely diluting with water and boiling ; soluble also in ammonium 
chloride. Sulphuretted hydrogen precipitates the whole of the zinc 
from these solutions. In the presence of the liydroxides of manganese, 
nickel, and cobalt, KHO or KaHO does not readily dissoha? out tlie 
whole of the zinc hydroxide. 

or Iv^UO.j produces a white precipitate of basic cai-bouate, 
consisting of two molecules of zinc carbonate ami tbrc-e moU‘cules of 
hydroxide, according to the equation : 

5ZnSO,j + r)]Nra,2CO;{ + oOIU = 2Zn(JO.j,bZn(< 4- bXa,St ;i(J( )„. 

A large excess of ammonium salts prevents this. 

On ignition this carbonate leaves ZnO, zinc oxide, also known in 
commerce under the name of zinc white. 

Ammonium carbonate produces the same precipitatt*, wjluble, 
however, in excess. 

KOy gives a white precipitate of zinc cyanide, ZnCy,, soluble in 
excess, not reprecipitated by (NH,),S, but com pletidy precipitated by 
sodium or potassium sulphide, as ZmS. (Metliod for the separation 
of Zn from Ni.) 

Metallic zinc precipitates less electro-positivo metals from ihtdr 
solutions, viz., As, Bb, Bn, Od, Cu, Pb, Ag, Bi, Hg, and op dis- 
solving impure metallic zinc in dilute acids (hyilrociilorie or sul- 
phuric) these metals do not dissolve as long as any zinc remains 
imdisssolved. Hence zinc protects other metals, such ascop|Ha% iron 
(galvanised iron), <fec., from the oxidising action of air, water, and 
acids. 

Zinc, when jdaced in contact with platinum, iron, dissolves in 
cold alkaline solutions. (Bee Experiments, Mk.) 

Zinc vapour decomposes Cl\ at a high temperature, and forms 
ZnO and CO. ZnO, however, yields its oxygen to carbon* (Method 
oLextracting metallic zinc from its ores. It is much more likely that 
in the extraction of zinc from ZnO the large excess of (JO present 
in the retort may really do all the reduction, in addition to carrying 
the zinc vapour forward to the outlet.) 

IRON, Fe", and Occurs very abundantly in nature, mostly in 
a state of combination with oxygen and sulphur. It is also foumias 
‘‘ meteoric iron ’land in some very old rocks also in the mtital lie .state, 
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but very finely divided. There are a gi*eat number of iron minerals 
known, but it will suffice if some of those iron orSs suitable for the 
extraction of iron are mentioned. The most important are : 

1st. Ores containing ferrous oxide : spathic or sparry iron ores, 
FeC03, containing varying quantities of MnC03, MgC03,and OaOOg; 
black band or carbonaceous iron ore, containing from 20 to 25 per 
cent, of bituminous matter j clay ironstone is, as its name indicates, 
associated with clayey matter. It is from these two ores that the 
greater part of the iron manufactured in this country is derived. 
They occur in immediate proximity to the coal measures and lime- 
stone beds — the fuel and fiux employed in their reduction to the 
metallic state. Some of these contain phosphates in some quantity. 

2 nd. Ore containing ferrous and ferric oxides — viz., magnetic 
iron ore, Fe30^. 

3 rd. Ores containing ferric oxide only — viz., red hsemathe 
(micaceous iron, oligist, specular iron, or iron glance), Fe203. This 
oxide forms different compounds with water which, according to the 
amount they contain, have received different names — viz., turgite, 
2Fe203,0H2 ; needle iron ore, brown iron ore, or pyrrhosiderite, 
Fe^;03,0H2 ; limonite or compact brown iron ore, brown haBmatite, 
j varieties : oolitic iron ore (pea ore) ; yellow iron ore 
or xanthosiderite, Fe^03.20H3. 

A few other iron ores deserve attention. They are not used for 
the extraction of iron, but are valuable as a cheap source of sulphur 
— viz., iron pyrites, martial pyrites or mundic, FeS2, found abun- 
dantly in nature ; copper pyrites, Fe.,S3, Ou.,S, and magnetic pyrites, 
5 FeS, Fe,Sa or Fe.Sj. ' " 

Besides these ores, iron is found in nature in combination with 
arsenic and sulphur, in mispickel, FeAs^„FeS., ; with chromium as 
chrome iron ore, Fe0,0r203; with silica as chloropal, Fe/Si03)3,3H20, 
and many other silicates ; as sulphate, in green copperas or green 
vitriol, FeS04,70H3 ; as phosphate in vivianite,* Fe3P20s,80IT., (fer- 
rous phosphate) ; as arsenate, in scorodite, and others. 

All the oxides of iron part readily with their oxygen when heated 
with carbon, carbon monoxide, or hydrogen. * 

Pure metallic iron is silver- white on a fresh surface, which is very 
permanent in dry air, but rapidly changes, by oxidation, in moist air 
containing carbon dioxide or nitrous acid or sulphur compounds. 
Its atomic weight is 55 * 88 . Specific gravity, 7 * 86 . Melting-point of 
iron is given by Pictet as 1600 ° 0., by Carnelly as 1804 ° 0. — both 
doubtful. Varieties of iron, as cast iron, steel, drc., melt at a much 
l^wer temperature— from 1050 ° to 1400 ° C. All varieties, wrought 
iron, cast irons, steel, and some alloys are eminently magnetic. 

Iron unites with a considerable number of other elements, metallic 
or non-metallic, and its physical properties are as a rule very con- 
siderably modified even by the presence of small amounts of these 
combining substances. Carbon, silicon, phosphorus, oxygen, and other 
non-metals are in this respect particularly effective. 

* Contains also ferric phosphate, FeaPaOjj.SOH.^, to which the blue colour of 
the mineral is due. " •• 
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Willi metals proper but few coiiibhuiiiuiis or alloys have come 
into conmioii use. 

One, with zinc (galvanisiMl iron), has been nieniioiu!<l. A similar 
one is formed with tin. They are lioth surfarc* alloys, and the 
physical properties of the iron are tluTofore little alheted, iron ran 
be melted up with silver, platinum (and otluu* metals of the plathnini 
group), nickel, and cobalt, several compounds resulting in each (^ase, 
the properties of which would not e-\<*Iude them fi-orn being usidul, 
although, for a number of reasons, only one of these - iron nickel — 
has taken a prominent place. 

AVith lead or mercury ii-on refuses to combine under any condi- 
tions, and with copper only to a very small extcnit, the alloy having 
no sulHciently striking properties to recommend it. 

AVitii the non-metals C, Si, Ti, Yd, CJr, ALn, AIo, and \N' eoin- 
binations, or alloys, are formed, many of wliich have become useful 
for special purposes. These alloys are generally termed steels, although 
that term should be restricted to the carbon com[)oimds. Tiny are 
very different in their physical properties from iron proptu*, although 
the quantities of these ‘‘affecting” elements is in each case vi?ry 
small — from less than I per cent, to or I per (xmt. only. Statetl 
generally, the properties exlubited by the iion com]H>unds of the 
above-named non-metals are hardness and tenaeil-y {or lotighncsr^) of 
different degrees and kimls. 

The nou-uietals oxygen, sulpiuir, phospliorus, and arsnaiic, on the 
other hfind, induce more or less ur.desivahle proptu’ties, as brittiem^ss, 
which detract from the malleability or workableness of the irtm or 
steel, and in some cases cause an irregular piiysieal structure and 
consequent lowering of tensile strength. 

Metals are essentially crystalline solids, but in many the crystal- 
line structure is to a great extent sa]>pressed by the heat or meeimiihtal 
treatment they have undergone. Iron may be obtained in tlisiinct 
crystals by electrolysis of a solution of ferrous ammonium sulphate, 
but although irons and steels show under the microscopic distinct 
“ structure ’’it is scarcely correct to call them crystals. J ron presents 
some alloti*opic modihcations. 

Carbon easily combines with iron. Tlie product from the blast fur- 
nace may contain percent, or more, in additioti to other substaiM'(?s, 
refined or cast iron about 2 per cent., uml stetds from l‘b per cent, 
down to ‘lO. In steels the carbon is unduubtx.'dly iti the f{>rni of a 
carbide of iron of the composition \vhi<»h can uniit* with 

iron at certain temperatures to form deiinitt^ complexes or solid 
solutions. Steel with about *1) per cent, of (^urhon is <'onsidercd by 
some authorities to represent a dehnite suhstancH*, piU'haps to 

which all the peculiar properties of steel are due. Stools with more 
than 1 per cent, carbon are spoken of ns “ lugii ” or hani," and with 
less than *5 as “ mild,” “ low,” or “ soft ” stetds. 

When steel is melted and allowed to solidify and then cool it 
exhibits several checks or pauses in the rate or curve of cooling, triie 
temperatures at which tliese occur vary a little, depending on the 
content of carbon, but roughly they are about 870^0. (A-J, Ik 
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(>70° 0. (Aj). These are ‘‘ criticaL’ temperatures, at oi" 
around which molecular changes take place. H^at-energy is given 
out at these points. 

The diagram, copied from Osmond, shows the ti’ansformation 
periods of iron and, as the microscopic examination of steels teaches> 



the conditions of separation of iron, or ferrite, or of the carbide, CFe^, 
or cementite (see Fig. 57). 

The horizontal portion corresponds to a separation of the two 
constituents in alternate layers as “ pearlite.'^ The diagiam shows 
that steel above EEC is a homogeneous solid solution of the car- 
bide. Luring slow cooling either iron (ferrite) or carbide (cementite) 
is deposited as it becomes saturated with either one, until a de- 
finite composition is reached. Allotropic changes in the iron at 
different temperatures act similarly to solidification of a solution of 
a salt. 

Steels cooled slowly from a certain high temperature may hg 
mixtures of ferrite and pearlite (see Figs. 59, GO, 61 , 62), pure peaxdite^ 
or pearlite and cementite, according as the carbon is inferior, nearly 
equal, or superior to the proportion in the eutectic.'^ 'Many impurities 
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or other metals afiecfc considerably the composition of tiu' <;ari)ou-iron 
eutectic. 

If steel be rapidly coole<I or chilled, it becomes morc^ or less 
hardened. The changes that takcj placic in slow (pooling are pre- 
vented. The carbon (or carbide) retains the (^lini'acter it had at a 
high temperature. It is said to be in the “ stale of haialening carbon.’’ 
It is Just possible that the iron whilst acting as a .solvent for the 
carbon is to some extent in an allotropie form. 

To quote from Osmond, ‘‘if .steel he rapidly cliilled from some 
temperature above the curve l> E 0 (in Fig. o7), ferrite, peuilite, 
and cementite disappear. Two cases are possible, according (is the 
proportion of carbon is inferior or superior to that of the eutectic. 
Taking as an example a .steel with about per cent, carbon, and 
chilling from 1050'"’ C. (MofFig. oT), an apparently homogeneous 
structure composed of needle-like ijgure.s (Fig. (h>) I'esults. 

“ It has been called martin.site. Usually the martinsitie needles 
become smaller and less evident as the eutectic is appi'oached, and 
hardness at the same time rises to its maximum. A steel witii more 
than 1 percent, carbon, chilled at 105<F (N of Fig. r>7), sepa.ru.tes into 
two structures. If the chilling take place only after cooling to 1 k*]ow 
BEG, but still above A, (say G80'-'), tlie structures which have formed 
during the gradual cooling from 1050" to this temperature will be 
found. 

“ Thussteelof'd percent. G,chiliedat 720‘%t((J point, Fig. b7), will 
exhibit ferrite along with mavtinsit-^ ; steclwith 1 "J’l percent.U, chilled 
at 7S5° (point P, Fig. 57), will show cementite along with martinsiie. 

“Heating to temperatures not exceeding Aj (G7o , alxmt) and 
chilling has no effect on steels, the structures appearing to he rigid.” 

Experiments. 

I. On heating in air, a clean and bright surface of iron <jr .steel 
changes through many colours, becoming, finally, bhwk, rough, and 
sometimes blistered. Heated to full rcdtiess, black scales .-form, 
which easily^ detach and become reddish when exposed to damp or 
when rubbed. = Fe 30 .j. Bteel is a little slower than iron in show- 
ing these changes. 

II. Ordinary iron or steel placed in ordinary water rusis more or 
less rapidly. Water containing 00„or 11.0.^ acts mostt rapidly, In 
the absence of free 00^, or any free acitl ami 1 1^0^, or when the waii‘r 
is made alkaline, no rusting takes place. Steam pulsed over healed 
iron or steel oxidises the metal, I’upidly pi'oducing a hhujk or red 
coating of oxide, depending on the temperature. 

III. Iron or steel filings heated with sulphur ; combination takes 
place readily, FeS being produced. 

ly. Many acids dissolve iron. The hydrogen given oil* iius a 
strong odour of hydrocarbons (of the ami G„. II. two wales). 

^Pure iron gives a clear, very light green solution, from whicli crystals 
^of FeGljj can be obtained. Gast iroiis and steels leave a greater or 
less amount of black residue (carbon and graphite), 
dilute, behaves similarly, producing 






Fig. 59. — A mild steel (-86 per cent, carbon), heated for 
two hours at 780° C. and cooled moderately slowly 
in mufi^e. ( x 100.) 






Fill. ()2.— The same steel heated for two houi-h s*t 
(S7()'" C. and cooled in air, ( x 100.) 
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. Nitric, moderately dilute, acts violently ; red gases are evolved, 
and a fed or green solution of ferric or ferrous nitrate formed, de- 
pending on amount and strength of the acid used. With steels 
the solution is generally hvown^ owing to the combined carbon being 
acted upon and dissolved. 

Concentrated sulphuric and nitric acids have no action on iron. 
On diluting the acids an action may start, but not always with nitric 
acid the surface of the metal may require scratching or touching 
with a more positive metal, as zinc. 

Y. Alkalies, including ammonia, have no action either on metallic 
iron or its oxides. Bright steel or iron is not affected by any alkaline 
oxidising agents. 

The red oxide produced in I. or II. ( = Fe,0,) dissolves in acids, 
giving red ferric salts. 

Dry Reactions. 

On heating the different iron compounds on charcoal before the 
blowpipe, they leave a black magnetic residue. When heated in the 
outer flame on a borax bead iron compounds impart a dark red 
colour to the borax whilst hot, becoming light yellow when cold. 
In the reducing flame they give an olive-green to bottle-green bead. 

The reactions with microcosmic salts are similar but less distinct 
The presence of Co, Cu, Ni, Or, conceals the colour of the iron bead. 
Ferric sulphides and arsenides must be roasted previous to being 
introduced into the borax bead.^ When heated with ]Sra^003 on 
charcoal, in the reducing flame, metallic iron is obtained as a black 
magnetic powder. 

Reactions in Solution. 

Iron forms two series of salts — viz., ferrous and ferric salts. The 
metal dissolves readily in dilute acids, such as HOI, H^SO^, forming 
ferrous salts, FeCl^, FeSO^, with evolution of hydrogen. Cold, very 
dilute^ nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferrous nitrate and ammonium nitrate ; the reaction may be 
expressed thus : 4Fe + lOHNO., = 4Fe(N03)2 + -f 30H.,. 

Iron exists in all these salts in the dyad condition, but exhibits 
a marked tendency to pass into a higher stage. Exposed to the air, 
solutions of FeClo and FeSO^ absorb oxygen, and are gradually con- 
verted into ferric salts. The same change is produced by the action 
of various oxidising agents, such as 01, Br, I, ClNaO, KCIO3, 
the presence of HOI by HNO3, AuOlg, K^Mn^Og, K^OrO^, and 

othei'S. Ferrous compounds are, therefore, powerful reducing agents, 
and are frequently employed as such. 

A. Ferrous com^youndsJ^ — Either the sulphate or chloride may be 

* Ferrous sulphate forms a number of so-called double sulphates with the » 
alkali metal sulphates and ammonium sulphate. FeS04(NH4)2S04,6HoO is 
much used in volumetric work, as it is easily obtained very pure, and contains 
almost exactly one-seventh of its weight of iron. 
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used for reactions. Ferrous salts are niosUy green wlion hydra, t<Ml 
and wliite when anhydrous. 

(group reagent) gives a, ]>la.ch precipitate of hirrotis 
sulphide, FeS, almost insoluble in alkalies and alkali sid])hides, easily 
decomposed and dissolved by dilute hydmcliloric acid, with evolution 
of sulphuretted hydrogen. The moist precipitate absorbs oxygen 
from the air, and is rapidly converted into ferrous sulphate, and 
lastly into yellow basic ferric sulphate, with evolution of much lieat. 
(This oxidation constitutes a frequent cause of the spontaneous in- 
flammation of pyritical coal (which contains sulphides of iron) in mines 
and on board vessels.) 

SH., does not precipitate neutral or acid solutions of ferrous salts ; 
ferrous acetate even is only partially precipitated. 

Alkali hydroxides and ammonia, also OaH/X. and pre- 

cipitate from ferrous salts (free from ferric salts) white fexTous 
hydroxide, Fe(HO).», which turns rapidly to a dirty green colour, and 
ultimately becomes reddish-brown, owing to absorption of oxygen 
from the atmosphere. Ammonium salts partially prevent the pre- 
cipitation by the fixed alkalies, and auimoniiun hydroxide gives hut a 
slight precipitate in a ferrous solution, containing a consideiTible 
amount of ammonium chloride. The presence of non-volatile 
organic acids, of sugar, &c., also prevents the precipitation more 
or less. 

Soluble carbonates precipitate white ferrous carbonate, i^"e(JO,j, 
which becomes rapidly oxidised wlxen exposed to air. 

K 4 Fe(CN),; (potassium ferrocyanide) pro<lnces by the replacement 
of Kg by Fe a bluish-white precipitate of potassium feiT{>us ferro- 
cyanide, KgFe"Fe(CN),., thus: 

FeSO,+ K,Fe(CN), = K;'Fe(CN), -i- K.SO,, 

Bluish' white 
precipitate.* 

insoluble in dilute hydrochloric ncid. The light blue precdpitnie is 
rapidly converted into a dark blue precipitate, or Ihmssian l)hH*, either 
by exposure to the air, or more speedily by a,ii oxitlising agent (in 
solution), thus : 

4KgFe"Fe(CN), -h 201,, - Fe,(Fe(ON),), 4- IKUl K,Fe(UN)., 

rriissian 
hi ue. * 

K,jFe,,(CN)j,, t (potassium ferricyanide) prodtiees a, dark blue precipi- 
tate of ferrous ferricyanide, Fe.,Fe,.(ON)j.. (Turnbuirs bine), insolub!f 3 
in hydrochloric acid, thus : ” 

BFeSO, + K«FegOy,., - 

Turnbull’s bluel* 

KaHO or KHO decomposes both precipitates wit h fmanatfixu of 

* 'i’hese precipitates cannot form, therefore, in an alkaline sohUion. 

I This may be written KjFeOy,,. 
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soluble alkali ferro- and ferri-cyanides, and separg^tion of ferrous and 
ferric hydroxides, thus : 

(1) K,Fe"FeCy, + 2KHO = K.FeCy, + Fe(HO), ; 

(2) Fe,(Fe0y,)3 + ]2NaH0 - SNa^FeOy, + 2Fe.,(HO), ; 

(8) Fe'"3Fe";Gyj, + GNaHO = Na^Fe^Cy^, H- 3Pe(HO),; 

N.B. — Cy is the abbreviation for (ON), the cyanogen radical. 
The molecule of cyanogen is O^N^. 

NH^SON (ammonium sulphocyanate) gives no coloration, if the 
ferrous solution contain no ferric salt, but the test is very delicate, 
and most generally sufficient ferric salt is present to give a faint 
red coloration. 

B. Feme compoimds , — A solution of fendc chloride, Fe^Cl^,^" may 
be used. 

(NHJ^S (group reagent) produces a black precipitate of ferrous 
sulphide, FeS, mixed loith sidphiir^ thus : 

Fe,01g + 3(NH,),S = 2FeS + S -i- GNH^Cl, 

Dilute solutions of iron give only a greenish coloration. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolved, and white insoluble sulphur is 
left. (Distinction between ferrous and ferric salts.) Ferric sulphide 
cannot be formed in the wet way^ native sulphides exist, however — 
viz., FeSo and Fe2S3 — which are insoluble in dilute hydrochloric acid, 
but dissolve with evolution of when in contact with metallic 
zinc. 

SHg does not precipitate FeoOlg ; its hydrogen acts as a reducing 
agent upon the ferric salt, converting it into 2FeCl2 and 2H.01, white 
sulphur being precipitated, which renders the solution of the ferrous 
salt milky. 

Alkali hydroxides and ammonia, also calcium or barium 
hydroxides, precipitate the reddish brown Fe^^Og, 201^3, insoluble in 
excess and in ammonium salts (excepting tlie carbonate). Non- 
volatile organic bodies {e.g., tartaric or citric acid, sugar, &c.) prevent 
its precipitation by ammonium hydroxide, but not by ammonium 
sulphide. The precipitate retains with great tenacity small portions 
of the fixed alkalies. 

Na.,C03 and K.OOg produce the same precipitate with evolution 
of carbon dioxide. 

• Hydrogen disodium phosphate produces a yellowish-white, fioccu- 
lent, gelatinous precipitate of ferric phosphate, Fe^BgOg -H The 

precipitation is complete only in the presence of an alkali acetate, 
thus : 

FeDl + 2Na.HP0, + 2CH3CO.,Na - Fe.PgOg + GHaCl -l- 

' ‘ 20H3C0,H* 

^ This formula, Fe.,Clc, may be considered as ‘‘ convenient,” and is retained' 
for that reason only. "FeCl., is, no doubt, the real constitutional formula, as 
indicated by the vapour density of the anhydrous salt. 
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On the addition of the iarst few drops of liydrogen disodinm 
phosphate, and as long as the ferric salt is largely in excess, the 
precipitate may disappear again, especially on gently warming, 
since it is somewhat soluble in ferric acetate. When the precipita- 
tion is nearly complete, the ferric phosphate separates more 
speedily, especially on stirring and gently heating, and allowing 
to subside after each addition of the phosphate solution. The pre- 
cipitated ferric phosphate should be filtered hot, and washed by 
decantation with hot water. It is soluble in dilute mineral acids 
— hence the addition of an alkali acetate ; insoluble in acetic acid 
(like the corresponding chromic and aluminic phosphates). 

Phosphates of the metals Ba, Sr, Ca, Mg, which^ are readily 
soluble in acetic acid, may thus be separated by filtration from the 
phosphates of (and OP''). Owing to this property of ferric 

phosphate, it is also possible to decompose alkaline earthy phosphates 
in a solution containing an excess of sodium acetate, by adding, drop 
by drop, a neutral solution of ferric chloride, accoi^ding to the equa- 
tion : 


2BaHPO, + 2 CH 3 CO,Na + Pe.Cl, = Fe,P.O« + 2BaOl, -f 

2Naai -f 2ai-i;COJL 

The ferric chloride must be added as long as a yellowish white pre- 
cipitate comes down, and till the supernatant liquid becomes just 
red, from the formation of ferric acetate. 

Ferric phosphate dissolves in excess of hydrogen disodium phos- 
phate, in the presence of ammonium hydroxide or carbonate, to a 
brownish red solution. It is somewhat soluble in ferric, but not in 
ferrous, acetate. Ammonium hydroxide reduces it to a basic phos- 
phate. Potassium or sodium hydroxide removes neaxdy the whole of 
the acid. Fusion with caustic fixed alkalies, or with fusion mixture, 
or boiling with ammonium sulphide, decomposes ferric phosphate 
completely, leaving the iron as oxide or sulphide, from whicL the 
soluble alkali phosphate can be separated readily by filtration. 

Citric or tartaric acid prevents the precipitation of ferric phos- 
phate from solutions. 

K^FeCy^, gives a fine blue precipitate, Fe.j(FeCy,j). 5 , known as 
Prussian blue, thus: 2Fe,01,; + ?)K^¥eCy^, = Fej(FeCy ’.)3 + 
Insoluble in hydrochloric acid; decomposed by KHO or NaJIO; 
soluble in oxalic acid and also in excess of K.FeCy,,, to a blue 
solution. 

Kg Fe^Cy produces no precipitate, but the yellow colour of the, 
ferric solution changes to reddish brown. (Distinction between 
ferrous and ferric salts.) 

(ammonium sulphocyanate) gives a dark i‘ed or blood- 
red colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction is 
Heightened by shaking a hydrochloric acid solution, to which the 

* Chromic phosphate, especially when freshly precipitated, is dissolved, 
although witlj some' difficulty, in acetic acid, especially on heating. 
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sulphocyanate has been added, with ether. The blood-red ferric 
sulphocyanate, Fe^,(SOy)g, being soluble in ether, becomes thus con- 
centrated into a small bulk of liquid. Yery small amounts of iron 
can be detected by this means. The colour of the liquid is readily 
destroyed by a solution of mercuric chloride (also by tartaric or 
phosphoric acid). (Distinction of Fe" from Fe^^.) 

Excess of sodium acetate, added to a solution of ferric salt, pi’c- 
duces a deep red coloured liquid, owing to the formation of ferric 
acetate. On diluting and boiling, the whole of the iron is precipi- 
tated as basic ferric acetate in the form of brownish yellow flakes, 
which should be filtered hot and as quickly as possible when the 
fluid has become clear. (Method of separating Fe^"^ from Mn"'.) 

Ammonium succinate or benzoate precipitates ferric, but not 
ferrous, salts, as ferric succinate or benzoate.* The ferric solution 
should be perfectly neutral. Salts of Mn, Co, Ni, Zn are not 
precipitated. (Method of separation of Fe^^ from Fe", Mn, Ni, 
Co, Zn.) 

Freshly precipitated and well washed barium or calcium car- 
bonate, suspended in water, precipitates ferric (not ferrous) chloride, 
as ferric hydroxide, Fe,(HO)Q, mixed with basic salt, with evolution 
of carbonic dioxide. The reagent is added to the neutral ferric salt 
in the cold, and well shaken up with it till the reddish brown 
precipitate acquires a whitish appearance, from excess of the earthy 
carbonate. ^ 

Barium carbonate separates in like manner the higher or -ic 
chlorides of this group from the lower or -ous chlorides. In order 
to separate ferric from ferrous compounds, or ferric, chromic, and 
aluminic compounds from ferrous, zinc, manganous, cobaltous, and 
nickelous salts, it is necessary that these metals should all be obtained 
in the form of chlorides. On the addition of barium carbonate, the 
i*espective hydroxides, mixed with basic salts, are precipitated from 
th^ferric, chromic and aluminic chlorides, whilst ferrous chloride 
and the chlorides of Zn, Mn, Ni, and Co are not affected. Air has 
to be excluded as carefully as possible, in order to prevent the oxida- 
tion of the ferrous, manganous, and cobaltous hydrates during the 
operation. The reaction should be performed in a small flask, filled 
nearly to the neck with the liquid, and kept well corked, after the 
evolution of the carbon dioxide has ceased. The addition of 
ammonium chloride, previous to the precipitation with barium car- 
bonate, almost entirely prevents an^ cobaltous or nickelous hydrates 
^ from falling out with the barium carbonate precipitate. (Method for 
separating Fe^'' (also A1 and Or) from Fe", Zn", Mn", Ni", and Co".) 

The precipitate is filtered off, and dissolved in hydrochloric acid, 
the barium removed by means of dilute sulphuric acid, and the Fe, 
Or, and A1 precipitated by ammonium hydroxide. 

Tannic as well as gallic acid (tincture of nut-galls) produces from 
neutral ferric salts a bluish black precipitate (ink), readily soluble with 
decomposition in acids. 

* The formulse of these compounds will be explained^under the respective 
acids. 
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Ferric salts cait act as oxidising agents in some cases. * Thus 
sulphurous acidj H^,S 03 , is converted into H^SO^ ; KI gives off iodine ; 
Sff'Ci^ is converted into Sn^^'U!^ ; (sodium thiosulphate) is 

oxidised to mSTaSO^. It is generally necessary for an acid to be 
present. Iron, zinc, or magnesium readily reduce ferric to ferrous 
salts. Magnesium reduces iron to the metallic state from ferrous 
salts. 


0. Ferric anhydride, FeOa, or ferric acid, H^FeO^, containing 
hexad iron, has never been obtained in an uncombined state. The 
alkali salts only are known, and are obtained by fusing ferric oxide 
with nitre or with potassium peroxide. Ferrates are decomposed 
far more readily than manganates. 

CHROMIUM, Or", and Atomic weight = 52*45 ; specific 
gravity, 6*50. Its melting-point is not known with certainty, but is 
higher than that of platinum. — This metal is used as an alloy 
with iron. It is quite easily obtained in a compact state by the 
reaction between aluminium powder and Cr^O,^. The temperature 
produced is very high, and the product is melted chromium. It is 
very hard and crystalline. Chrome steel may be made by heating to 
a very high temperature chrome iron ore and cast iron with excess of 
carbon. As obtained by reduction of the chloride, Cr^CIg, with sodium 
or magnesium, metallic chromium i» crystalline, and about the colour 
of iron, but is not so dense or hard as that obtained by the aluminium 
process. It scarcely oxidises in air, and dissolves but slowly in acids. 
Fused with an alkali nitrate or hydroxide, the metal oxidises, forming 
a chromate. This element is not very widely distributed. It occurs 
in nature chiefiy as chrome iron ore, CrgOgFeO, and crocoisite, PbCrO^. 
Chromic oxide constitutes the colouring-matter in ruby, green ser- 
pentine, (tc. Many of its compounds are employed as colours. 

# 

Experiments on Chrome Steel. 

I. Acids dissolve it very slowly. The more Or the slower the 

action. Strong nitric is the best solvent. On evaporating to dryness 
in a small dish, adding a little (solid) and fusing, a mass con- 

sisting of Fe ^,03 KoCrO^ is left. Wa,ter dissolves the ICj,Cr 0 .p 
giving a yellow solution. 

II. Ferro-chrome or other alloy will also give K^,CrO^, on direct 

fusion with Iv]Sr 03 ; better with and KNO 3 . 

[Most compounds are made from chrome iron ore, FeCrO^, by'^ 
Fusion with alkalies and decomposition of the alkali chromate formed.] 

III. Chromium oxide, Cr^Oji, Seated alone, does not change. 
A-cids dissolve it, forming green salts. The sulphate, CnijSO,^ is a 
purple-green crystalline substance. 

The oxide scarcely changes on heating with sulphur, 
a Ammonia has no action on it, but strong NaTlO solution dissolves 
bhe precipitated oxide. After intense ignition the oxide is almost 
unafiected by acids. All alkalies and alkali carbonates, also CaO, give 
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chromates on fusion with the oxide ; they are yellow, crystalline, and 
soluble. 

Dry Reactions. 

Chromium compounds are readily recognised by the very charac- 
teristic green colour which the oxide imparts to borax and micro- 
cosmic salt, especially in the reducing flame. Finely powdered 
chrome iron ore, or other very insoluble and difficultly decomposable 
chromium compounds, fused for a few minutes in a platinum spoon 
or crucible with four times its weight of h3Mrogen potassium sul- 
phate, and then again with the addition of an equal bulk of nitre and 
potassium carbonate, yields a yellow mass of potassium cln^omate, 
K^OrOp which is soluble in water to a yellow solution. If man- 
ganese were present, the solution would be green, owing to the 
formation of potassium manganate. This latter can be readily 
removed by adding a few drops of alcohol to the solution, heating, 
and filtering ofi* the manganic hydroxide. The chromate remains 
unchanged in the alkaline solution. 


Reactions in Solution. 

Chromic salts can be prepared from the yellow K^UrO^? the 
red potassium dichromate, by heating wdth strong hydro- 

chloric acid and adding alcohol, when the yellow solution changes to 
a deep green solution of Cr.,Cl^..* 

Chromium is capable of forfhing at least three series of com- 
pounds — 


Ohromous compounds. 

OF'CR. 

Cr" 0 .“ 

Cr'XHO),. 

&c. 


Chromic compounds, 

Ur'",Clo. 

;cr"';o, 

Or"',(HO)„. 

(fee. 


Chromates. 

E:.,CrO,. 

PbCrOp 

(fee., 


of wliich the two latter are best known. 

A. Chromic Comfounds , — The sulphate or double sulphate with 
K or Na (CrAlum), chloride, nitrate, or acetate, are soluble and easily 
obtained salts. 

(NIIJoS (group reagent) precipitates bluish green chromic 
hydroxide, Cr2(HO)(j, insoluble in excess. 

NHjOH precipitates the same, somewhat soluble in excess, the 
fluid acquiring a pink tint. This is probably due to a chrome- 
ammonium compound produced by oxidation. On boiling for a few 
minutes the precipitation is generally complete. 

KHO or NaHO, same precipitate, readily soluble in excess of the 
cold reagent to a green solution ; reprecipitated by long-continued 
boiling, or on adding NH^Ol, whereby the fixed alkali is removed as 
KOI or KaCl, with liberation of ammonia. ^ 

Na^OOg or K^003 gives a greenish precipitate of basic carbonate 
(varying in composition), somewhat soluble in excess. 


* This is most probably CrClg. 
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HlSTagPO^ (hyclrogen disodium phosphate) precipitates"' green 
chromic phosphate, Or^PoOg, soluble in mineral acids, difficultly 
soluble in acetic acid. 

Barium carbonate precipitates a basic carbonate. The precipita- 
tion takes place cold, but is completed only after long digestion — two 
or three days. 

In the presence of citric, tartaidc, and oxalic acid, and also of 
sugar, the precipitation of chromic salts by means of ammonium, 
sodium, or barium carbonate is more or less incomplete. 

Chromic compounds may be recognised also by converting the 
chromic oxide into chromic acid. This may be accomplished — 

1st. By boiling a solution of Or^Olg with PbO^ and KHO or 
ISTaHO. The reaction which takes place, and which is indicated by 
a change of colour (from green to yellow) may be expressed thus : 

(1) Gvfi], + 6KHO = Cr/HO)g + 6K01 ; 

Soluble in 
excess of KHO. 

(2) Or,(HO)g -h 3PbO, = 2PbOrO, + PbO + 30H,. 

Also soluble Soluble 
in KHO. in KHO. 

On acidulating the solution with acetic acid a precipitate of lead 
chromate, PbCrOp is obtained. 

2nd, By boiling a solution o^ Cr.,C]g with NallO and sodium 
hypochlorite, OlNaO, or bleaching powder, CaOCl,, thus : 

Cr,(HO)g -b 3CllSraO + 4]SraHO = 2Na,CrO, + BNaOl + 6011,. 

Yellow sodium 
chromate. 

3rd. By fusion with alkali carbonates and nitre on platinum 

foil. 

B. Chromium trioxide, CrOg, combines with water to'*' form 
chromic acid, -HgCrO^. This forms with monad metals two classes 
of salts, the normal or yellow chromates, viz., e.g., K^OrO.,, and the 
dichromates, e.g., Iv^.Cr^Oy, isomorphous with the corresponding 
sulphates and disulphates. A solution of the neutral potassium 
chromate is changed to an orange-red (acid) dichromate solution on 
the addition of an acid, thus : 

2K,A‘0, + 2H01 = K.Cr^O, + 2K01 + OH,. 

Conversely, the dichromate is transformed into a chromate on the 
addition of an alkali, thus : 

2 E:,Cr ,07 + 2KHO = 2K,CrO, + OH,. 

Trichromates, and even higher stages of oxidation, are also known, 
' and may be obtained by treating an alkali, or other chromate, with 
* nitric acid, which removes some of the positive metal. They are less 
soluble than tl;ie normal alkali salts, more intensely coloured, and 
generally crystallise well. 
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CHromic anhydride may be prepared by slowly adding to a cold 
saturated solution of the red potassium dichromate times its bulk 
of concentrated sulphuric acid. As the liquid cools down, OrOg 
crystallises out in brilliant crimson-red prisms. The mother-liquor 
is poured off, and the crystals placed to drain upon a porous tile or 
slab of unglazed porcelain (biscuit ware), or in a funnel which has 
been lightly plugged with asbestos. They must be protected from 
moist air, as the substance is extremely hygroscopic. 

Chromic anhydride is a very powerful oxidising agent. Four 
molecules of CrOg yield upon ignition chromic oxide and three 
molecules of oxygen, according to the equation 4Cr03 = 20r203+ 30^,. 

Reactions of CrOg based upon its Oxidising Action. 

A solution of potassium dichromate, K^Ci^Op will show these. 
SHg, in the presence of free hydi^ochloric acid, reduces the orange- 
red solution to a green liquid, sulphur being precipitated, thus : 

K'^Or.O, + 8H01 + 3SH, = Cr^Cl, + 2K01 + 70H. + S3. 

A little HgSO^ is generally formed. 

(NHJgS, added in excess to a solution of an alkali chromate or 
dichromate, precipitates dirty green hydrated chromic chromate. On 
boiling, the whole of the chromium separates as green chromium 
hydroxide thus : 

+ 8 (NH,),S + 70H, = Or, (HO), + S3 + 2KH0 + 6NHpH. 

The action is much more complex than here given, some of the S 
becoming oxidised to SO3, which combines with the ammonia, forming 
($1114)2804. The amount of S oxidised is generally about a third of 
that represented as liberated in the above equation. On heating, 
NIL escapes, sulphide and sulphate of potassium being left in solu- 
tion. 

SO2 orHgSOg, in the presence off a little free acid, reduces potas- 
sium dichromate to chromic sulphate^, thus : 

K^Cr^O, -f 3H2SO3 + H2SO4 = 01^(804)3 -b K2SO4 -h WH,, 

Chromic sulphate and potassium sulphate constitute potassium 
chrom-alum, K2Cr2(S04)j. 

Oxalic acid, in the presence of free acid (dilute sulphuric), 
•produces the same reduction, carbon dioxide being evolved. Six 
molecules of CO^, or three of oxalic acid, are the measure for one 
molecule of potassium dichromate. 

K.Cr^O, 4 - 3H2O2O4 -b 4H2SO4 = ^,01*2(804)4 -b 6CO2 + 7OH2. 

Hot concentrated sulphuric acid decomposes the dichromate, wilh 
evolution of oxygen and formation of potassium chrom-alum, thus ? 

2K,0r,0, + SHjSO, = 2B:,Or2(SOJ, + Slf^O + 
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HOI (concentn^ed) evolves clilorine, and the hydrogen corn 
with the tliree a,vaila])le atoms of oxygen in the dichroinate tlim 

Iv,CrA + " 

H^AsO.j, arsenious acid (in a hydrochloric acid solution)^ is 
verted into H.^AsO,, thus : 

Iv.Orp, + 3 H 3 ASO, + 8H01 = Or, 01,, 4 - 2 KOI + SlI^AsO, + 1 

Sn01,j, SbOL,, FeOl.,, Zn (Fe, Sn, ike.), in the presence of dilute 
also reduce chromates or dichromates. The reduction is quite € 
effected by most organic substances, such as alcohol, in the presen 
HCl, in which case the alcohol is oxidised to aldehyde, acetic e 
and other products. K^,Oi\,Oy is much used for this kind of oxide 
both in the laboratory and on a manufacturing scale. 

Reactions for CrOy produced by Double Decomposition. 

Chromates of K, Ka, Li, Cs, Rb, Nil, (Ga, Sr), Mg are f 
soluble in water. Others are much less soluble, none are absoh 
insoluble, and all chromates dissolve readily in dilute nitric acid 

BaOh, added to a solution of a normal chromate (or dichrom 
gives a light lemon-yellow precipitate of barium chromate, Ba( 
even in very dilute solutions, as it is very insoluble in water, ah 
acetic acid, soluble in dilute nitric^or hydrochloric acid, and pre 
tated again by ammonia solution. 

Pb( 0 (lead acetate) gives a fine lemon-yellow precipita 
lead chromate, PbOrO,, soluble in KHO, sparingly soluble in d; 
nitric, insoluble in acetic acid. The neutral salt is converted x 
digestion with alkalis into a basic red chromate, PbOrO.„PbO. 

AgNO,, (silver nitx’ate) gives a dark purple-red precipitat 
silver chromate, Ag,*CrO„ soluble in nitric acid and ammon 
hydroxide. From weak acid solutions silver dichromate, Ag.,Cx’,^ 
precipitated. 

Hg,j(N 03 ),, •(mercui'ous nitrate) gives a dark brick- red I 
precipitate of Hg^,Cr 0 „Hg,, 0 , corresponding to the lead-salt, w' 
on ignition is converted into oxygen, mercury vapour, and fi 
divided green, Cr^Oa. (Method of separating chromic acid f 
chromic oxide.) 

On bringing together a little chromic acid with hydrogen 
oxide, OyH^, solution, a deep indigo-blue colour is produced, ov 
probably to the formation of a perchromic acid. 

A solution of perchromic acid decomposes, however, rapidly ^ 
evolution of oxygen, leaving H^OrO, and ; its constitutio 
yet unknown. A solution in ether is more stable than an aqu( 
solution. It is obtained by adding ether to a very dilute (a 
solution of O 0 H 2 , and then a drop of dilute solution of a chromat 
dichromate. On shaking, the ether takes up the perchromic acid, 
acquires an intensely blue colour. Mere traces of O 1 O 3 can be 
covered in this manner, or, vice versa, very small quantities of 0 . 
This is perhaps the most reliable test for 
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ALUMINIUM, and — Is one of the ijaetallie elements 
which occur most abundantly in natin^e in the form of the oxide. 
Ruby,* sapphire, emery are almost pure Al^Og. It is a constituent of 
many minerals, in combination with silica, with sulphuric, phosphoric, 
and other acids ; and in the form of fluoride in ci^olite and topaz. 
The element in the metallic state is not known free in nature, but is 
obtained by heating its chloride with sodium, also by several electro- 
lytic methods on fused aluminium fluoride, with bauxite, &c. &c. It 
is white, with a decided blue tint, has nearly the hardness of copper, 
is very malleable and ductile, and is practically permanent in air. 
Water scarcely acts upon it, but most diluted mineral acids dissolve 
it readily, as do all alkaline liquids, but not ammonium hydroxide. 
Solutions of chlorides, and therefore sea- water, act upon it. Its atomic 
weight — 27*01 ; specific gravity, 2*60; melts at about 800®O., and is 
not appreciably volatile at that temperature. It is am excellent 
conductor of heat and electricity, and forms alloys with most other 
metals. Its specific heat is very great — ^^e., -2143. 

Aluminium, in addition to being employed in the compact form, is 
also valuable in the state of powder (obtained by pounding the metal 
when at a temperature just below fusion), which is used for paint 
and for i-educing many oxides, as Cr^O.^, &c., to the metallic state. 
In many of these reactions an exceedingly high temperature is pro- 
duced, so that the product, although infusible in all ordinary furnaces, 
is completely melted. This fine pow^der forms, with some compounds 
rich in oxygen, higlily explosive hlixtures, which are used for some 
military purjposes and for flashlight photography. 

Alloys of the metal are numerous. Aluminium-bronze — copper 
90 per cent., aluminium 10 per cent. — compares well with mild steel 
for tensile strength, &c. As it removes oxygen from CO, it is frequently 
added to steels at the moment of casting to decompose the dissolved 
gas and give sound castings. Lead is almost the only metal wdth which 
it does not unite. 

Experiments. 

I. Aluminium, in foil or wire, heated in air, melts ; the surface 
becomes dull owing to a very thin layer of white oxide. The oxida- 
tion is very slow, as this layer of oxide seems to protect the under'* 
lying metal. 

II. Heated with sulphur, no action takes place until a full red 
heat is attained. A little sulphide is formed, but the action is slight 
and never quite complete in an ordinary glass tube. 

III. HOI acts very rapidly, hydrogen being evolved. On evapo- 
rating the solution to dryness the hydrate or oxide is left as a white 
powder. The chloride in solution is probably AlClgSHCl, which is 
decomposed by the water on evaporation into Al(HO )3 and HOI. 

Sulphuric acid, dilute, acts slowly. A white, indistinctly crystal- 
line sulphate is left, Al,joSO^. ^ 

Nitric acid acts most slowly ; when concentrated scarcely at ^ 
all. On evaporating, a white hydrate is left, all the nitric going oflT 
with the water. 
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lY. Alkalies^ KHO, KaHO, dissolve tlie metal andTiberate 
hydrogen. The action on gently heating becomes somewhat violent. 
So-called aluminates are formed, as A]o 038 K 20 . 

Ammonia has no action on the metal or oxide. 

The oxide dissolves in soda unless it has been very strongly 
ignited or it be the native form, as corundum, emery, or ruby, or 
sapphire. These forms are also insoluble in acids. 

Dry Reactions* 

Alumina, when heated on charcoal, is distinguished from other 
oxides by its property of glowing brightly, and assuming a beautiful 
sky-blue colour, after being moistened with a solution of cobaltous 
nitrate and again heated strongly, owing to its forming with the 
cobalt oxide a salt — cobaltous aluminite. This test is not always 
decisive, and becomes inapplicable when coloured oxides, such as Fe^Og, 
MnO, (fee., are present. Also many phosphates and borates give a 
blue which to the unpractised eye appears the same. 

Reactions in Solution. 

Soluble salts of aluminium, as alum, AI,3S0^,K2S0^240H2, may 
be used for testing. There are comparatively few soluble ones in 
use. 

gives a white gelatinous precipitate of aluminic 
hydroxide, Al.,(HO)(,, sulphuretted hydrogen being evolved, thus: 
(NH,),Al,(SO j, + 3{NH,),S + 60H, = A],(HO), -i- 4(NH,),SO, + 3SH,. 

KHO or NaHO * precipitates the hydroxide, readily soluble in 
excess, forming a compound, sodium aluminate, Al^Na^O^., which is 
reprecipitated by excess of ammonium chloride, or by ammonia after 
neutralisation of the alkali by hydrochloric acid. The alkaline' solu- 
tion is not precipitated by ammonium sulphide. (Method of separa- 
tion of A1 from Fe'\) 

NH^OH precipitates the hydroxide, somewhat soluble in'^excess, 
when cold yasoluble in the presence of much ammonium chloride, 
and on boiling. 

Na^OO^ or K^CO^ precipitates basic carbonate of uncertain com- 
position. 

BaOOa precipitates A].,(HO)g slowly, but completely, even cold, 
mixed with a basic salt. Carbon dioxide escapes. 

Sodium hydrogen phosphate gives a bulky white precipitate of 
aluminic phosphate, Al^EgOy, insoluble in ammonium hydroxide and 
chloride ; soluble in KHO or NaHO, and in acids, but not in hot 
acetic acid. (Distinction of Al^Og from aluminic phosphate.) Alkali 
acetates precipitate ALPjjOg from its solution in mineral acids. The 

*** Potassium and sodium hydroxides are mostly contaminated with alumina, 
derived during the manufacture from porcelain vessels, and it is therefore 
necessary to employ pure NaHO (prepared in silver or nickel vessels) for the 
separation of Fe and Al. It must also be recollected that NaHO acts, in the 
course of an ordinary analysis, destructively upon porcelain and glass vessels, 
dissolving both*silica and alumina, which give similar reactions with ammonia 
and its salts. 
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presence of citric acid, but not of tartaric acid or of sugar, prevents 
its precipitation. NH^Oi precipitates tbe phosphate from its soda 
solution. 

In order to decompose aluminium phosphate (as in the mineral 
wavellite) it is best to fuse the finely powdered mineral with 1-J- parts 
of finely divided Si 02 and 6 parts of Na^OOg in a platinum crucible 
for about half an hour. The mass is digested for some time with 
water, and acid ammonium carbonate, NH^HCO^, added in excess ; it 
is then filtered and washed. The residue consists of aluminic and 
sodium silicates ; the solution contains the sodium phosphate. Dis- 
solve the residue in dilute hydrochloric acid, and evaporate to dryness 
to separate the silica, and filter. The filtrate may be tested for A1 in 
the usual way. 

Alumina occurs mostly in minerals which are not soluble in acids. 
Boiling with concentrated sulphuric acid attacks many ; all are, how- 
ever, decomposed by fusion with KHSO^, or with fusion mixture, 
after which they are soluble either in water or in dilute hydrochloric 
acid. 

Powder up some porcelain very finely, and fuse for half an hour 
in a platinum crucible with four times its weight of fusion mixture. 
Extract with water. Transfer both the soluble and insoluble por- 
tion — consisting of alkali aluminate — to a porcelain dish, acidulate 
with hydrochloric acid, and evaporate to dryness. Take up with a 
few drops of concentrated hydrochloric acid and hot water, and filter; 
wash the insoluble SiOg well with hot water. The filtrate contains 
the aluminium as chloride, from which it can be precipitated by 
ammonium hydroxide as usual. 

Aluminic silicate is often found in nature .associated with potas- 
sium or sodium silicate, as in felspar and albite. In order to test 
for potassium and sodium, alkali salts must, of course, be carefully 
avoided. This can be done by making use of hydrofluoric acid, or by 
heating in a platinum crucible or on foil with CaO or with calcite, 
CaCOg? 

Introduce a small quantity of finely powdered f^spar into a 
platinum * crucible or dish ; cover with liquid hydrofluoric acid, and 
evaporate at a gentle heat in a closet or under a hood which is con- 
nected with the chimney. HF attacks the SiO^, forming silicon 
fluoride, SiF^ — a volatile compound — and leaves the aluminium and 
potassium behind as fluorides, which dissolve in dilute hydrochloric 
acid : 

+ 32HF - 6SiF, + 2KF + Al.F^ + IGOH^. 

^ " Volatile. 

The decomposition is generally only completed after two or three 
evaporations with HF. 

Mix the fine powder of felspar with either powdered calcite or 
OaO and heat strongly — best in a covered crucible — for thirty minutes. 
On treating with HCl and evaporating to dryness the SiOg becomes 
insoluble and Al, Oa, K may be taken up by water as chlorides. 

* With care, a leaden dish will do. ^ 
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N.B. — The seDaration of the metals of Group III. is surraunded 
by some difficulties which aiuse from the possible simultaneous pre- 
cipitation of 

1 st. Sulphides, NiS, CoS, MnS, ZnS, FeS, 

2 nd. Hydroxides, Or,(HO)„ Al,(HO),, and 
3 rd. Phosphates of Or, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain by a special experiment 
whether phosphoric acid is present or not in the solution under 
examination. 

This can readily be done by adding to a small part of the solu- 
tion a little concentrated nitric acid and a solution of ammonium 
molybdate.*^ A yellow precipitate is obtained, especially on gently 
heating, showing the presence of phosphoric acid. If no precipitate 
is obtained, phosphates are absent. 

(a) Phos2'>horiG acid is absent — This is indicated if the original 
substance dissolved readily in water. If insoluble in water, but 
soluble in dilute acids, phosphoric acid may likewise be absent from 
the substance. 

It would appear at first sight that the behaviour of the five sul- 
phides and two hydroxides with ammonium chloride and ammonium 
hydroxide, sodium or potassium hydroxide, or dilute acids (e.^., HGl), 
would enable the members of this group to be separated, or several 
of them, from each other. It has-been shown, for example, that — 

1 st. ISTi, Co, Mn, Zn are not precipitated by ammonium hydroxide 
from a hot solution containing large excess of NH^Cl, whilst Fe2(HO)(5, 
Or2(HO)<j, and Al3(HO)(5 are precipitated. It has, however, been found 
that the mode of separation, based upon this solvent property of am- 
monium chloride, gives but imperfect results, since the Fe2(H0)g 
carries down varying quantities of other oxides, especially on 
exposure of the solution to the air, when higher oxides of manganese 
and cobalt are formed, which are not soluble in ammonium ch^ride. 
Small quantities of Ni, Co, Mn, and Zn may thus be overlooked 
altogether. It is only by redissolving the precipitate and repre- 
cipitating several times, as long as the ammoniacal filtrate gives a 
precipitate with sulphuretted hydrogen, that iron can be completely 
separated from manganese, &c., in this manner. 

With these precautions, however, it is mostly possible to separate 
the metals of this group from each other by first precipitating ferric, 
chromic, and aluminic hydroxides by means of HH^Gl and NII^H, 
and then from the filtrate the sulphides of Ni, Co, Mn, and Zn by 
means of SH^ or (b[H^)2S. 

2 nd, That Zn, Al, and Cr are precipitated by KHO or NaHO, 
but are soluble in excess, whilst the other metallic hydroxides ai’e 
insoluble. From this it would appear that these three metals can 
be separated by means of the fixed alkali hydroxides. But it has 
been found here again that Fey(HO)^3, Ni(HO).„ Co(HO)2, Mn(HO)^ 
'' carry down appreciable quantities of Zn(HO)2, and more especially 

*** For the preparation of this reagent see Appendix, “Reagents.” 
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the Fe^,(IIO)Q precipitate of Cr^,(HO)5, and that a complete separation 
cannot be effected by precipitation with KHO or NaHO. 

3rd. Cold dilute hydrochloric acid does not dissolve CoS or NiS 
to any great extent, but dissolves the other sulphides and hydrates. 
This method, if practised with care, gives good results, small traces 
only of CoS and NiS being generally dissolved out. But as it leaves 
the iron, aluminium, and chromium still to be separated from man- 
ganese and zinc, no saving of labour is effected thereby in the separa- 
tion of these seven metals. 

Finely divided, freshly precipitated barium carbonate is a reagent 
which separates the lower oxides — viz., ZnO, MnO, NiO, CoO (this 
latter not quite so perfectly, except in the presence of much ammo- 
nium chloride) — from the higher oxides — viz., Fe^^Og, At,03, and Ci\,03. 
The metals should be first obtained as chlorides. 

The examination of the precipitate produced by barium carbonate 
is based upon — 

1st. The solubility of A]^,(H^)6 sodium hydroxide. 

2nd. The conversion of Cr^O^ into CrOo by fusion with sodium 
carbonate and nitre, or by boiling with ClNaO; or with PbO^, in an 
alkaline solution. 

The examination of the filtrate is based upon — 

1st. The solubility of Zn(HO)2 in sodium hydroxide. 

2nd. ,, MnS in acetic acid. 

3rd. The formation of soluble K^Co^Cy^o and the precipitation of 
Ni as black Ni2(H0)Q by sodium h;i'pochlorite, or hypobromite.* 

Directions for the separation of these seven metals will be found 
in the analytical tables under Group III A. 

(/3) Phosphoric acid is present . — The original substance was either 
insoluble or only partially soluble in water, but soluble in hydro- 
chloric acid. In this case NH^Cl and NH^OHt produce a precipitate 
before (NHJ^S is added. If (N 114)28 is added without filtration 
after the addition of NH4OII, the precipitate may possibly consist of 
NiS, OoS, MnS, ZnS, FeS, Al2(HO)g, Or,(HO)e, as well as the phos- 
phates of (Or), Al, Mg, Ca, Sr, Ba. 

Ammonium chloride and hydroxide precipitate Ni,'Co, Mn, Zn, 
and Fe phosphates without decomposition. Ammonium sulphide 
converts the phosphates of Ni, Oo, Mn, Zn, and Fe into sulphides 
and ammonium phosphate, and this could then act upon any soluble 
salts of Ba, Oa, Sr, Mg, and convert them into phosphates, although 
they were not as phosphates in the original mixture. 

An example will make this clear. Supposing that the substance 
utider examination consists of barium carbonate and calcium and 
ferric phosphates, BaC03,Ca3P30g and Fe2p20s. On dissolving in 
hydrochloric acid, barium chloride is formed, and the calcium and 
ferric phosphates are dissolved without decomposition. On adding 

* Instead of NaOOl bromine water may generally be used. In an alkaline 
solution a hypobromite, as NaOBr, is formed. The oxidising action is just the .. 
same. 

t If ammonium chloride and ammonia should give no precipitate, it is " 
obvious that no phosphates and no Fe, Al, and Or need be looked for. 
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NH^Cl and a yellowish-white precipitate of Fe^P^Og and 

Oa.jPoOg is obtained, whilst BaOI^ is not precipitated. On Tidding, 
however, as well as the ammonium chloride and ammonia 

to the solution, Fe^P^Og is decomposed into ferrous sulphide and 
ammonium phosphate, which latter, by acting upon the EaClg, would 
precipitate barium phosphate. 

In order to avoid this, the precipitate produced in Group III. by 
NH^Gl and which contains for the most part the whole 

of the phosphates, is filtered off, and (NHj)^S added to the filtrate 
only. 

The ammonia precipitate is dissolved in a little dilute HCl, 
nearly neutralised with Na^CO^, and an excess of a solution * con- 
taining sodium acetate and acetic acid is added. The phosphates of 
iron, chromium, and aluminium are precipitated. Any phosphates 
of the alkaline earths left undecomposed by the ferric chloride 
already present in the solution are held in solution by the acetic 
acid. To the filtrate add Fe^Ol^, drop by drop, as long as a precipi- 
tate t is obtained, and till the colour of the supernatant liquid 
becomes distinctly reddish. Digest at a gentle heat ; allow to sub- 
side, and filter. In this manner the whole of the phosphates of the 
alkaline earthy bases are decomposed, with formation of the Fe^P^Og, 
insoluble in acetic acid (which precipitate may be neglected), and 
chlorides of Mg, Ba, Sr, Co which remain in solution, together with 
the chlorides of Ni, Co, Mn, Zn. The whole of the phosphoric acid 
having thus been removed, the ipetals that w^ere originally present 
as phosphates may be detected in the usual way. 

It may be of interest to ascertain whether oxalates of Ba, Sr, and 
Ca (which are destroyed by evaporation with nitric acid and ignition, 
before proceeding to Group III.), were present in the original mix- 
ture, in which case the evaporation to dryness and ignition must 
he omitted. 

The precipitate produced in Group III, by ammonium chloride 
and hydroxide alone contains the oxalates as well as the phosj^ates 
of the alkaline earthy bases, and possibly also gelatinous silica. The 
oxalates are decomposed by gently igniting the precipitate, and are 
converted into carbonates. The ignited mass effervesces strongly on 
extraction with dilute hydrochloric acid. When the solution is 
evaporated to dryness and again taken up with dilute HOI, the 
silica, if present, is rendered insoluble, and may be separated by 
filtration. To the acid solution, which may possibly contain phos- 
phates of Mg, Ca, Sr, and Ba, as well as chlorides of the bases, 
present before ignition as oxalates, add NH^Ol and NH^OH and 
filter off. The filtrate contains the chlorides of Ba, Sr, and Oa, and 

* For the preparation of this reagent see Appendix. 

t If any phosphates of the alkaline earthy bases be left, FeaCl^j should pro- 
duce a yellowish white precipitate when adedd to a poruon of the acetic acid 
solution ; if not, no ferric salt need be added to the main portion of the 
'filtrate. (The presence of iron, other than phosphate, is generally indicated 
^by the reddish or ferric acetate colour of the filtrate.) In this case A1 and 
‘Or, as well as the metals of the alkali earths, will still have to be looked for 
in the filtrate. 
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is tested separately according to Table IV". All bases so discovered 
must have been present originally as oxalates. 

The separation of the individual members of this group is based 
upon 

1 st. The insolubility of the phosphates of Fe, A1 (and Cr) in 
acetic acid in the presence of an alkali acetate. 

2nd. The separation of the whole of the phosphoric acid which 
is in combination with the alkaline earthy bases, by means of Fe^^Olg, 
in an acetic solution. 

All other operations are identical with those already described. 

Phosphates may be decomposed in another way, depending on 
the fact that almost all phosphates, excepting those of molybdenum 
and tin, are soluble in strong nitric acid. When any phosphate is 
mixed with tin, in filings, or finely granulated, and then covered with 
moderately strong — 50 per cent. — nitric acid, a violent action takes 
place between the Sn and the acid, resulting in the formation of a 
stannic hydroxide — so-called meta* stannic acid. The phosjohates 
are at the same time dissolved by the nitric acid. This stannic 
hydroxide (or acid) combines with the P 0 O 5 of the phosphates, 
forming a compound quite insoluble in strong or dilute nitric, but 
decomposed by hydrochloric acid. 

The process is best carried out by evaporating- the filti^ate, after 
passing in which phosphates have been found, to dryness or 

nearly so, adding a few grams of tin filings, and covering with 
moderately strong HNO 3 , stirring 4 vell, and allowing to evaporate on 
a sand-bath or wire gauze over a fiame nearly to dryness. After 
cooling dilute HNO 3 is added, the solution warmed and filtered. All 
the bases will be found in solution as nitrates, and the P^O^ will be 
retained in the white tin oxide residue. Chlorides should be absent. 

Before proceeding the nitric acid filtrate must be tested for P^O- 
by ammonium molybdate. 

Although the metals of Group III. arrange themselves very 
well for analytical purposes as a group, there are ^considerable 
differences amongst them in other respects. Fe, Ni, Co, Zn are 
easily reduced from their oxides, Fe^^Og, NiO, CoO, ZnO, by carbon 
or CO. MnO is not so easily reduced, and Al^Og and Cr^Og are 
practically not reduced, by 0 or GO alone at any temperature. The 
easiest method of reduction in these eases is fi*om their chlorides by 
sodium or magnesium or in the electric arc. By the simultaneous 
action of Cl and 0 on the oxides, as Al.Og- 1 - dC -f- dClg = ALCl^.-}- 2)00, 
th^ dry chlorides are produced, and the.se may be decomposed by 
sodium. Cr^Og behaves in exactly the same manner. 

The metallic character of chromium, measured by the few salts it 
forms with acids, is less than that of the other elements in the group. 
The sulphides also of Cr and A1 are not producible by wet jmocesses, 
wdiilst all the other metals readily form sulphides from aqueous 
solutions of their salts. Nickel and cobalt might almost be looked 
upon, from the behaviour of some of their salts, oxides, &c., as being 
enantiomorphous bodies, 
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With the exception of zinc and aluminium, all these elements 
have high melting-points. Their oxides are all almost infusible 
substances. The chlorides are all fusible and volatile ; ZnCl., most 
easily, followed by AlCl, and CrC]3. FeCl^, JSTiCl,, OoCl., and ’MnCl, 
melt but do not vapourise easily, excepting in a current of chlorine gas. 
Aluminium and chromium chlorides are scarcely, if at all, reduced by 
hydrogen at a red heat. The others are moderately easily reduced, 
MnCl^ being the most difficultly reducible. 

The carbides of Al, Or, Fe, and perhaps also of Mn, when 
decomposed by water, or HOI, give hydrocarbons of the paraffin 
series as well as acetylene. 

Al, Or, and Fe show a strong tendency to form alums, whilst Ni, 
Go, and Zn do not form this class of salt, and Mn, in this respect, 
seems to fall between the two sets of metals. 



CHAPTER XII. 


EEAOTIONS OF THE METALS OF GROUP II. 

This group comprises the metals mercury, lead, bismuth, copper, 
cadmium, arsenic, antimony, tin (gold and platinum), which are 
precipitated from acid solutions (HCl) by means of sulphuretted 
hydrogen. 

As an exercise mix together solutions of Bi(]Sf03)3, CuSO^, 

OdOh, ASjOg (dissolved in HCl), Pb(]SrO,,)2, SbClg, SnCl^, and SnCl^, and 
pass a current of SH^, without first filtering ofi* the white precipitate 
which is produced. Filter ; pass the gas again through the clear 
filtrate, to make sure that the metals have been entirely precipitated. 
Wash the precipitate with hot water ; remove a portion from the 
filter and boil it with a little yellc^w ammonium sulphide, and filter 
off. A black residue is left, consisting of HgS, PbS, Bi^Sg, CuS, CdS. 
The solution contains As^Sg, Sb^Sg, SnS, and SnS^ dissolved in the 
ammonium sulphide.* This can be shown by acidulating with dilute 
hydrochloric acid, when a yellowish precipitate comes down,t con- 
sisting of the sulphides of As, Sb, Sn. 

This shows that Group II. may be divided, by means of ammonium 
sulphide or other alkali sulphide, into two portions. 

Tke name sulphide, in its widest sense, is given to all compounds 
into which sulphur enters as the electro-negative element. A strik- 
ing analogy is observable between oxides and sulphides. There is a 
certain class of sulphides which resembles metallic oxides or bases ; 
another class which plays the part of oxy-acids.J Sulphides are 
therefore divided into sulpho-bases and sulpho-acids. To the latter 
belong the sulphides of H, As, Sn, Sb (Pt, Au) ; to the former the 
sulphides of many metals, especially such of the metals as constitute 
powerful bases (K, hTa, NH^, Ba, Oa, &c.). An electro-positive ele- 
ment, which forms with oxygen an oxide, combines generally also 
with the same number of sulphur atoms, to form a corresponding 

* Potassium or sodium-hydrosulphides are nearly as efficient as the 
ammonium sulphide. It is noticed here, and later, that K and Na sulphides 
exert a slightly different solvent action on the sulphides of the group to that 
exerted by ammonium sulphide. There is no doubt that the solubility of 
these sulphides is due to the formation of a definite double-sulpho salt, ■' 
t Yellow ammonium sulphide converts SnS into SnS2. 
i Peroxides have their analogues in persulphides. Both can act as acids 
or electro-negative groups to others with less oxygen or sulphur. 
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sulphide^ in which the sulphur is performing similar functions to 
oxygen. 

The resemblance in the constitution of these oxygen and sulphur 
compounds is further borne out by the analogy in their solubility 
and alkaline reaction ; 


Oxif-haacs, Sul p7to-hascs. 


OK. 

Potassium oxide, alkaline 

SK. 

Potassium sulphide, alkaline 

and soluble. 


and soluble. 

OlNHJo 

Ammonium oxide „ 

S(Nr-T 4 ), 

; Ammonium ,, „ 

ONa, 

Sodium ,, „ 

SNa. 

Sodium ,, ,, 

BaO’' 

Barium „ „ 

BaS’^ 

Barium „ ,, 

CaO 

Calcium „ ,, 

CaS 

Calcium ,, „ 

FeO 

Ferrous oxide, no reaction, 
insoluble. 

FeS 

Ferrous „ no reaction, 

insoluble. 

ZnO 

Zinc „ 

ZnS 

Zinc ,, ,, 


O.ty-anliydri des. 

Sidplio- 0)‘ thioutnhydrides. 

As ,03 

Arsenioiis anhydride. 

AS.jSg 

Arsenious sulphide, or sulph- 
arsenious anhydride. 

ASoOr, 

Arsenic „ 

AS.2O5 

Arsenic sulphide, or sulphar- 
senio anhydride. 

Sb.20, 

Antimonious „ 

SUS.j 

Antimonious sulphide, or 
sulphantimonious anhy- 
dride. 

Sb.30,, 

Antimonic „ 

Sb.,S5 

Antimonic sulphide, orsulph- 
antimonic anhydride. 

SnO. 

Stannic „ 

SnS.> 

Stannic sulphide, or sulpho- 


O.vy’ficids. 


stannic anhydride. 

Sulpho- or tJiio-dcids. 

H,As0.i 

Arsenious acid. 

H.,AsS, 

Sulpharsenious acid. 

H';As 04 

Arsenic acid. 

H;5AsS4 

Sulpharsenic acid. 

H;Sb0.i 

Antimonious acid. 

H..SbS., 

Sulphantimonious acid. 

H'. 53 b 04 

Antimonic acid. 

H:;sbSi 

Sulpbantimonic acid. 

HSbO.^ 

Metantimonic acid. 

HSbS.^ 

Sulphometantimonic acid. 

H.SnOg 

Stannic acid. 

H.>SnS. 

Sulphostannic acid. 


To this list might be added 00 ^ and CS^,, which form carbonates 
and sulphocarbonates respectively, and some others. The analogy 
here is most complete. is an intermediate compound 

between the ordinary alkali carbonate and KgOS.^, the real sulpho-, 
or thio*, carbonate. 

Sulpho-salts are obtained by the mutual action of a sulpho-acid 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the 
alkalis and alkaline earthy metals, are divided into normal sulphides^ 
such as S(NH^)2, SISTa^, BaS ; into sulphydrates (acid sulphides), 
such as SKH, SNH Ji, BaH^,Sj, ; and polysulphides ^ such as S^H«, S.K.,, 
The aqueous solutions of the normal and acid sulphides 

* The composition of the so-called polysulphides has not been made out 
with certainty. Indeed, no scientific examination has as yet been made of 
ohem. Melted sulphides seem to dissolve a large amount of sulphur, which 
maybe retained in solid solution, or they are very likely the analogues of 
sulphites and sulphates in which sulphur is acting the part played by oxygen 
in true sulphites and sulphates, thus ; K^SO^ : K2vSS4, and : NagSaSy, &:c. 
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are colourless, and give ofi: when treated with dilute hydrochloric 

acid, without separation of sulphur. Solutions of*the polysulphides 
are yellow, or yellowish brown, and when treated with hydrochloric 
acid give off sulphuretted hydrogen, with separation of white (or 
precipitated) sulphur. In some cases hydrogen persulphide, H^S.„ 
the analogue of is formed. The number of sulpho-salts known 

is small compared with the salts of oxy-acids, and they are far less 
stable than ordinary oxy-salts. The numbei* of sulpho-acids is prin- 
cipally restricted to the acids enumerated above, and these again 
combine mostly only with the soluble sulphides possessed of an alka- 
line reaction ; or, if combined with the sulphides of the heavy metals, 
as in certain cases, they are somewhat easily decomposed by chemical 
agencies. Some are certainly found as minerals. 

The following is a list of some sulpho-salts compared with the 
corresponding oxy-salts : 


O.rjj^scdts. 

NaaSnOo Disodium stannite. 
iSa.^SnO^ Disodium stannate, 

K^AsOjj Tripotassium arsenite. 
NaoAs04 Trisodium arsenate. 

KSb 02 Potassium metantimonite. 

KSbOo Potassium metantimonate. 


S'ulpho-sdlts. 

Na2SnS.2 Sodium sulphostamiite. 
Na^SnS^ Sodium sulphostannate. 
K.>AsS,.j Potassium sulpharsenite. 
]MaoAsS4 Sodium sulpbarsenate. 
KSbOo Potassium metasulpbanti- 
monite. 

KSbO.. Potassium metasulphanti- 
monate. 


Treat another portion of the aBove SH., precipitate with NaHO 
or KHO and hlter off. A black residue is likewise left, and on 
adding dilute HCl to the filtrate As^, 83 , SnS, and SnS^, are 

reprecipitated. 

This shows that the hydroxides of the alkali metals dissolve 
a portion of the sulphides precipitated by SH^. The following 
equations explain the action of the alkali hydroxides : 

•Sb.,S.^ + GKHO - K 3 vSbS 3 -h K.,8b03 -p 30H,. 

AsX + IIvHO == HK,AsS 3 -f- HK.,AsO., -P OH^ 

2SnS + 4KHO = K,SiiS, 4 - ICSnd, -p 20H,. 

2SmS3 + dNaHO = Na.SnS^ + Na,Sn03 + OH, + 

These may be called mixed reactions. 

Addition of hydrochloric acid reprecipitates the sulphides, thus : 
K 3 SbS 3 -p K3Sb03 + GHCl - Sb,S 3 -p GKOl -p 30H,. 

* Hence the metals which are precipitated by SH, in Group II. 
can be subdivided by means of ammonium sulphide or sodium or 
potassium hydroxides into — 

A. Metals whose sulphides act as sulpho-bases — viz., the sulphides 
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammo- ^ 

* No SH .2 is given off in this reaction. As excess of NaHO is always used, 
it may be represented : 2 SnS 2 + 5NaHU = Na 2 SnSjjPNa 2 Bn 03 ^ 201 *Io-i-*NaHS, 
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nium sulphide (HgS dissolves to some extent in potassium 
or sodium sulphide; OuS is somewhat soluble in ammonium 
sulphide). 

B. Metals whose sulphides act as sulpho-acids — viz., the sulphides 
of As, Sb, Sn (Au, Pt). 


Gkoup II. Subdivision A. 

(1) MERCURY, Hg". — Occurs native, but is chiefly obtained from 
cinnabar or mercuric sulphide, HgS, by heating with lime or iron 
turnings in a distilling apparatus or retort. The element is liquid 
at ordinary temperatures and down to about - 40° 0., at which tem- 
perature it crystallises. Both the solid and liquid states exhibit a 
metalline lustre and colour like silver. It is malleable whilst solid. 
It has an atomic weight of 190*71, generally taken as 200. Specific 
gravity = 1 3*55 in the liquid and 14*19 in the solid state. The solid 
melts at - 38*50'^ C. and boils at 357*25° C. under a pressure of 
760 mm. It does not tarnish appreciably in the air, but is very 
slowly oxidised when gently heated to about 300° C. in an atmo- 
sphere of oxygen. Ozone acts more rapidly and at low tempera- 
tures. Nitric acid acts readily upon it, even when cold ; sulphuric 
only when heated and strong. Hydrochloric acid or alkalies have 
no action. It combines energetically with chlorine, bromine, iodine, 
and sulphur, also with sodium^ and potassium and some otlier 
metals, forming amalgams, but not with iron, platinum, nickel, 
cobalt, or aluminium. 

This property of mercury has received an important application 
in the extraction of gold and silver from poor ores by the so-called 
amalgamation process, in which the mercury can be separated again 
by distillation, the gold or silver being left behind. 

When cinnabar, HgS, is roasted in the air, the sulphur is oxidised 
to SOg and metallic mercury sublimes. « 

Hydrogen and cai-bon, copper, tin, zinc, c%c., reduce HgS at a high 
temperature, Terming with the sulphur SH„ CS^, (caibon disulphide), 
OuS, «&c. The native HgS is, however, best reduced by the action 
of strong bases, such as lime or soda. 

Mix a little cinnabar with dry sodium carbonate, and heat in 
a little tube^ sealed up at one end, or blown into a small bulb. 
Metallic mercury sublimes and forms a mirror in the cold part of 
the tube ; the sulphur is retained by the alkali metal. 

Mercury salts, when heated by themselves, out of contact with 
the air, volatilise or sublime, either without decomposition, such as 
HgBr^, HgOl., Hg,Cl„ Hgl„ HgS, HgICN ; or they are decom- 
posed into oxide or metal, as HgNgOg, the nitrate, which gives 
HgO + N^O,j + 0. Salts of mercury with fixed acids, as the phosphate 
or chi'omate, leave fixed residues of acid or oxide (Oi^O^). 

Sulphates of mercury decompose on heating into SO^„ HgO, and 0, 
and finally metallic Hg ; carbonate into HgO and C6,j, and finally 
metal. .. 
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Probably the most delicate test for metallic mercury is a piece 
of metallic gold, a coin, which becomes whitened ^by an exceedingly 
small amount of Hg when suspended in its vapour or when the 
substance moistened with HCi is rubbed on the gold. Some silver 
salts, as the sulphate or phosphate, will absorb mercury vapour or 
the vapour of volatile mercury compounds. Bright metallic copper 
comes next in delicacy in showing this test. A drop of Hg placed 
on a piece of aluminium and just moistened with HOI starts a 
peculiar action on the aluminium. White filaments of Al^O,^ grow 
up like fungus from the metal. 

An amalgam of 4 parts of tin and 1 part of mercury is employed 
in the manufacture of looking-glasses. 

Mercury forms two series of salts, mercurous and mercuric. 

In mercuroirs salts the element exhibits less extent of energy of 
combination than in mercuric salts. As, for instance, mercurous 
oxide, HggO, calomel, Hg^Cl, ; and mercuric oxide, HgO, corrosive 
sublimate, HgOl,. In the former case it is supposed that the metal 
is in some way combined with itself as Hg — Hg or Hg — Hg, whilst 

\/ I I 

O Cl Cl 

in the latter the whole extent of the energy of the mercury atom is 
expended on the substance with which it is combined. 

Experiments. 

I. Mercury when heated in a tube boils, evaporates, and condenses 
again in very small globules on the’ cool part, forming a mirror. 
After heating for some hours in air the surface lustre becomes less, 
but no appreciable oxidation takes place in the short time of an 
experiment. 

II. Heated with sulphur, a black solid is formed which sublimes 
black. On rubbing with a hard substance it becomes somewhat 
reddish. It is HgS. 

I^I. HCI has no action. 

H2SO4, when boiling and strong, dissolves it, forming sulphate 
and liberating SO^. Hg + 2H0SO4 = HgSO^ -f 2H2O + € 50 ^. Crystals 
are obtained on cooling the acid solution. 

Nitric acid acts most readily. Oxides of N are evolved and the 
nitrate, Hg(N03)2, crystallises out as the liquid cools. On heating this 
nitrate oxides of nitrogen are given off and HgO left, which also 
decomposes into Hg and 0 . 

Ammonia and alkalies have no action on the metal. 

IV. Iodine combines very readily. The HgL, formed sublimes 
yellow, generally, and becomes pink on rubbing. 

Y. Add a few clean filings of lead or zinc or tin to a few globules 
of mercury on a watch-glass. The liquid mercury becomes thick and 
pasty by combination with the solid metal. 

Reactions in Solution, . 

Mercury readily dissolves even in cold nitric acid, forming mercu- » 
rous nitrate if the m.ercury is in excess, and mercuric nitrate if the 
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acid is in excess and hot. These salts have the composition^ oi* can 
be represented as r 

and Hg(N03),. 

Mercurous Mercuric 

nitrate. nitrate. 

Mercurous oxide exhibits a tendency to combine with another 
atom of oxygen, or, when exposed to heat, to part with one atom of 
mercury, and the remainder to become converted into mercuric oxide. 
Hence mercurous salts act as reducing agents. 

As mercurous chloride is insoluble, the reactions of mercurous 
salts will be considered in connection with the reactions of silver and 
lead in Group I. 

In order uo study the reactions of mercuric salts, a solution of 
mercuric nitrate, Hg(ISr0.5)^„ or mercuric chloride, HgCl^ (corrosive 
sublimate)^ may be employed. Hot many mercury salts are rery 
soluble and few are really insoluble in water. 

SH, (group reagent) added to HgCl^ gives a black precipitate of 
mercuric sulphide, HgS. The precipitation is marked by character- 
istic changes of colour. Accordingly, as sulphuretted hydrogen water 
is added in small quantities, or the gas passed slowly through the 
solution, it produces at first a perfectly white precipitate, and, on the 
addition of more a yellow precipitate which passes through dirty 
yellow to brown, and becomes black only when excess of SH., bas 
been added to the mercuric salt. The white, yellow, or brown pre- 
cipitate is a varying mixture of HgS and HgOl^. HgS is insoluble 
in nitric or hydrocliloric acid and in yellow ammonium sulphide, 
alkali hydroxide or cyanide, soluble, however, in aqua regia and in 
potassium or sodium sulphide in the presence of sodium hydroxide, 
but insoluble in their sulphydroxides. Long digestion with concen- 
trated nitric acid convei'ts the black HgS into a white substance, 
probably a compound of 2 HgS 4 - Hga(NO.j)^, (?). 

Ammonium sulphide gives the same precipitate. 

HallO or KHO added in excess produces a yellow precipitate of 
mercuric hydroxide, Hg(HO)^,, insoluble in excess. 

HFIpH produces a white precipitate, from the chloride, of mer- 
curic ammonium chloride, NH,Hg'Ul, known as “ white precipitate.” 

Sodium or potassium carbonates give a reddish-brown basic 
carbonate jDrecipitate. 

KI gives a bright red precipitate of mercuric iodide, HgT^,, soluble 
either in excess of potassium iodide or of the mercuric salt. 

The solution contains HgI, 2 IvI. This is also known as a double 
salt, and is probably IC • 
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but no^ experimental evidence of this foimiula is to hand. The 
chloride HgC]^, also forms a crystalline compound with 2IvCl^ which 
may be similarly expressed : 

ci-K 

/ \ 

/ \ 

Cl— Hg— 01 

/ 

\ /• 

K— 01 


KCy gives with mercuric nitrate (not the chloride) a white 
precipitate consisting of cyanide and nitrate, soluble in excess, not 
decomposed by boiling with alkalies or alkali carbonates, but only by 
SH,. 

Mercuric salts are readily reduced to mercurous salts : 

SnOI, (stannous chloride) gives with mercuric salts a white preci- 
pitate of mercurous chloride, Hg^Ul^? which, wdien boiled 'with excess 
of the reagent, is reduced to grey metallic mercury. On poining off 
the solution and boiling the grey precipitate with HCl the mercury 
is obtained in little globules. 

Ferrous sulphate reduces but not HgCl^, to the 

metallic state. 

Cu, Zn, Pb, Sn, Cd, and Fe precipitate metallic mercury from 
mercuric solutions, provided they %i‘e not too acid. They do not all 
act at the same rate. 

If a strip of bright metallic copper be employed, a silvery white 
deposit of metallic Hg is obtained, which, when gently rubbed, shows 
a bright metallic lustre, and gives, after drying and heating in a dry 
and narrow test-tube, or bulb-tube, a sublimate of metal. 

Generally mercuric salts are first reduced to mercurous salts, and 
finally to metallic mercury. 

(2) LEAD. — Only a slight precipitate of PbS is for the most part 
obtained in Group II., since the greater part of the lea*d is removed 
in Group I. as PbOl^. It happens frequently that this small quantity 
of lead is not precipitated by SIL„ on account of the solution being 
too acid (HCl), or too concentrated, in which case a little lead is 
found in Group III., and is often mistaken for some other metal. It 
is necessary, therefore, to dilute a portion of the filtrate from Group 
II. considerably, and to pass a current of SH^ through in order to 
make sure of the presence of lead, especially so when lead has been 
discovered in Group I, ; and, if a precipitate be obtained, to pass the 
gas once more through the whole of the filtrate, after having diluted 
it considerably, or, better, neutralised it to some extent by adding 
ammonium hydroxide. 

(3) BISMUTH, Bi'" and — This metal is found native ; also in * 

combination with oxygen and sulphur, as bismuth ochre, Bi^O^, from * 
the decomposition of bismuth glance, and in the form of 
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sulpho-salts, as kobeliite BLSg, 3PbS, and needle ore, 2PbS, 

Ou,S. " 

The metal is highly crystalline, brittle, of a white colour, with a 
red tinge. Atomic weight, 208*5 ; specific gravity, 9*80; melts at 
2G6*8°, and boils between 1090° and 1450°. 

It is not maheable at all, but powders up easily in a mortar. 

Water and air have little or no effect at ordinary temperatures. 
It expands on solidifying from fusion similarly to ice. The metal is 
seldom employed alone, but is much used for alloys wdiere fusibility 
is desired. 

Experiments. 

The metal may be melted in a test-tube. 

I. Heated strongly in air, rapid oxidation takes place, fine 
coloured films pass over surface of melted metal, and a yellow or 
yellowish red oxide forms. The oxide is very fusible, and darkens 
on heating. 

II. Heated with sulphur, combination takes place very readily to 
Bi^Sjj, a nearly black, crystalline, but non-volatile substance, which 
readily melts. 

III. Hydrochloric scarcely acts at any temperature. Sulphuric 
acts very slowly, and only when concentrated and hot. 

Nitric dissolves it most readily, with evolution of fumes of oxides 
of nitrogen and formation of BiSNO.,, which readily crystallises when 
slightly evaporated in a dish. Ammonia and alkalies have no action 
either on metal or oxide. 

The oxide dissolves readily in acids, and the solutions give 
crystals on evaporation. All the salts are colourless unless the acid 
be coloured. 

Dry Reactions. 

Salts of bismuth are reduced with ease on charcoal by the blow- 
pipe, covering the charcoal with an incrustation of oxide, orange- 
yellow while hot, lemon-yellow when cold, passing at the edges into 
a bluish whife. The incrustation can be driven from place to place 
by either fiame, without colouring the outer flame. (Distinction 
from lead.) Heated with borax or microcosmic salt, Biy0.j gives 
beads which are yellowish when hot, and colourless when cold. All 
bismuth compounds can be reduced to the metallic state by heating 
on charcoal with sodium carbonate in the inner or i*educing flame. 
The metallic bead is brittle. (Distinction from lead and silver 
beads.) 

Reactions in Solution. 

Bismuth dissolves readily in nitric acid, forming Bi(N 03 ) 3 . Other 
acids have little or no effect, and few real bismuth salts are known. 
(See its position in the ^‘Natural Series.”) 

SHjj (group reagent) gives a brownish black precipitate of bis- 
muthous sulphide, Bi^Sg, insoluble in dilute acids, in alkalies, and in 
alkali sulphides^; soluble in concentrated nitric acid. 
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Alkali sulpliicles give the same precipitate. 

KHO, NaHO, and NH pH produce a white '^precipitate of bis- 
muthous hydroxide, Bi(OH)3, insoluble in excess. 

Alkali carbonates tlirow down a white bulky precipitate of basic 
carbonate (Bi0).,C03, in which the compound radical bismuthyl, BiO, 
takes the place of hydrogen. The precipitate is insoluble in excess. 

ICyOr^O. gives a yellow precipitate of basic chromate (Bi0)2Ci*207, 
readily soluble in dilute nitric acid, insoluble in potassium hydroxide. 
(Distinction from lead chromate.) 

H^SO^ gives no precipitate. (Distinction from lead.) 

KI produces a brown precipitate of bismuthous iodide, BiT3, 
soluble in excess to a reddish solution. 

ECy produces a white precipitate, insoluble in excess, soluble in 
acids. 

Bismuthous salts are decomposed by water, a basic salt being 
precipitated. The addition of an acid redissolves the precipitate. 
This constitutes the most characteristic reaction for bismuthous 
salts. The salt most readily precipitated is the chloride (Bi 0 ] 3 ). 
It can be prepared from the nitrate by precipitating the oxide first, 
and then liltering and dissolving the precipitate oflT the filter with 
hot dilute hydrochloric acid. Large excess of acid should be avoided. 

OHg gives with BiOl3 a white precipitate of bismuthous oxy- 
chloride, BiOCl, which is almost absolutely insoluble in water, but 
soluble in hydrochloric acid, from which it is reprecipitated on the 
addition of ammonium or sodiun^ chloride. BiOCl is insoluble in 
tartaric acid. (Distinction from antimony.) 

Metallic zinc precipitates bismuth as a black crystalline powder 
from its salts. 

Bismuthous salts exhibit a strong tendency to form basic salts, 
showing that Bi is only a feebly positive element. 

Other oxides of bismuth in addition to Bi^Og are known, e.g,^ bis- 
muthic oxide or anhydride, Bi^O^, and Bi30y and Bi'O no doubt also 
exist. 1 

(4) COPPER, Cu 7 — Is often found in the metallic state, and some- 
times in considerable masses ; frequently this native copper con- 
tains silver ; also in combination with oxygen and sulphur, as red 
copper ore or ruby ore, Cu^O, as vitreous copper or copper glance, 
CuyS, and indigo copper or blue copper, CuS ; more frequently as 
copper pyrites, Fe2S3,Cu2S, and variegated copper or horseflesh ore, 
Fe 2 S 3 , 3 Cu 2 S, also as fahl ore, bournonite, tfec. ; in combination with 
carbonic acid, a.s basic carbonate, malachite, CuC03.0u(0H)2, and 
azurite, mountain blue, or copper azure, 20u003,Cu(0II)2 ; with sul- 
phuric acid as blue vitriol, CuSO^oOH^ ; ' with phosphoric acid, as 
phosphor ocal cite, libethenite ; with arsenious acid, as tennantite ; 
with silicic acid, as dioptase, and others. 

Copper is the only metal of a decided red colour. Its atomic 
weight — G 3 T 7 ; specific gravity, 8 * 92 ; melts at 1054 ® C. * 

It is very tough and ductile, takes a fine polish or burnish, and • 
is one of the best conductors of heat and electricity.^ 
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On exposure to clean air it oxidises very slowly at ordinary 
temperatures, buUrapidly wlien heated to redness. The dirty air of 
towns, containing sulphur compounds, &c., attacks the metal rapidly. 
Water has no action on copper at any temperature, but most acids 
attack it, espeGially if exposed to air at the same time. Alkalies, in- 
cluding lime, and especially ammonia, also act upon it under similar 
circumstances. 

Copper, on account of its malleability and comparatively high 
tensile strength and other physical properties, is much employed 
alone. 

It is also the main com]3onent of alloys of great technical ira- 
poi’tance, such as brass, and a number of others designated generally 
by the term “ bronzes.’' Its oxides and other compounds are also 
employed as colouring-agents for ceramic and glass ware, and for 
combatting fungoid and other plant pests. 

Copper is hardened by working, and can be annealed by heating 
to about TOC^C. The rate of cooling has no effect on its hardness. 
It is crystalline,- but not markedly so unless very carefully annealed 
(see Fig. GG, electrolytic copper, melted, rolled, and annealed.) 

Brass consists of copper and zinc. The two metals may be melted 
together in almost any proportion without actual separation taking 
place on solidification. Whether brass is a chemical compound or 
simply a solid solution .of the one in the other need not here be dis- 
cussed. The composition of the ordinary material may be expressed 
by the formula Cu^,Zn, but much /^f the brass in use contains nearly 
70 per cent. Cu and 80 per cent. Zn, whilst the above formula requires 
GG of Cu and 34 Zn. 

Zinc (which see) is highly crystalline and brittle. Brass is harder 
than copper, more malleable than zinc, and not so coarsely crystalline, 
When melted and cast in chill brass shows a peculiar structure, but 
no crystals on an etched surface (see Fig. G7). 

On annealing at 800° C. for six hours a crystalline structure is 
developed (see Fig. G8). f 

Brass after sevei^e working also shows no crystals, but a confused 
structure (seelFig. CD), head of cartridge case, poitions of which show 
the flowing of the metal, under pressure, and dislocation of the 
regular structure), and becomes very hard. After this stage con- 
tinued working may produce fracture. Wlien this hard brass is 
annealed at 950° 0. a large crystalline structure is developed (see 
Fig, 70). 

A temperature of about 750-800^ 0. seems the most suitable. 
The structure produced is nob so coarsely crystalline, and (from 
experiments) it maybe ‘‘worked” to a greater extent after annealing 
at this temperature than at any other. 

BRONZES were originally alloys of copper and tin only. Melted tin 
dissolves copper somewhat rapidly, and the two may be mixed in almost 
any proportion whilst liquid, but with some separation on cooling. 
Several definite compounds are formed. The colour and hardness 
of copper are much afiected by comparatively small amounts of tin. 




Fig. 67. — Brass cast in chill (70 per cent, Cu, 30' per 
cent. Zn). ( x 75.) 


To face p. 188' 
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Mfiny alloys of copper are now called bronzes, altliougb they con- 
tain no tin. Aluminium bronze, for instance, consists, generally, of 
10 per cent, aluminium and 90 per cent, copper. 

Copper has the power of dissolving, if not of combining with, 
many metals, non-metals, and even compounds of other metals, such 
as the phosphides of nickel, chromium^ cobalt, &c., and with arsenic 
and antimony compounds. Cuprous oxide is also soluble in the 
metal. 

Many of the bronzes can be cast, become hard on working, and 
can be annealed by heating to definite temperatures. They do not, as 
a rule, harden on chilling. 

Gun metal contains from 9 to 10 per cent, tin. Bell metals are 
somewhat similar, but often contain small quantities of other metals 
in addition to tin. Phosphor-bronze contains about 2 per cent, tin and 
traces of phosphorus ; coinage bronze about 4 per cent, tin and smaller 
quantities of other metals. Manganese and other bronzes contain 
very frecjuently zinc as well as tin, and in some cases tin is absent. 
German silver is really a brass containing about 15 per cent, nickel 
(see “ Zinc ^'). 

When the proportion of tin in real bronze exceeds 10 per cent, 
the alloy becomes too hard and brittle to be woi’ked. It also whitens, 
and with 30 per cent, and more of tin is quite white and exceedingly 
hard, but brittle. These alloys rich in tin are sometimes called 
speculum metals. They take a fine polish, and generally the surface 
resists the atmosphere well. 

The copper alloys most largely employed after brass are various 
tin-containing bronzes, cupro-nickel, and manganese and aluminium 
bronzes. The gold and silver coinage of most nations contains also 
copper. It has the effect of hardening gold and silver, when present 
in small amount, without serious detriment to the natural colour of 
these metals. 

Exjiferiments with Copper. 

I. Heated in air, a clean metallic surface changes through many 
colours, finally becoming black. A black crust detacRes ; this is CuO, 
which does not melt or change on further heating. 

The red oxide, 0i\,0, adheres to the metal. 

A wire easily melts in the Bunsen fiame. 

II. With sulphur in tube it combines readily, forming a bluish 
black mass which melts and is crystalline. It is generally a mixture 
of the two sulphides. 

‘ III. ITydrochloric acid has but little action on a clean surface of 
metallic copper in the absence of oxygen. 

Strong sulphuric dissolves the metal when boiled on it, SO., gas 
escaping. CuSO.j is formed. Ou -h 2 FLSOj — OuSOj -h SO^ + 2H,0. 

Nitric dissolves it rapidly, oxides of nitrogen being at the same 
time formed. The greenish blue liquid on evaporation gives crystals 
of copper nitrate, 0112 ( 110 .,), which are very soluble in water. 

Organic acids act only with the aid of air or on oxidised 
surfaces. 
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The oxides dissolve quickly in acids. They also dissolve m am- 
monium hydroxide, giving either a colourless (cuprous) or a deep blue 
solution (cupric). 

IV. Metallic copper is acted upon by ammonium hydroxide, 
assisted by air or any oxidising sidstance^ or salts of halogens. The 
same blue compound, CuN.,H^, as from the oxide is formed. Most 
alkaline substances also corrode the metal when air and moisture are 
present, a gi*een basic carbonate being formed. 

Solutions of chlorides or nitrates, in presence of air, also corrode 
the metal somewhat rapidly. Melted ammonium nitrate dissolves 
copper with considerable rapidity, and the action may become quite 
explosive in character. 

Unless the copper surface be absolutely clean, an action is also 
observable in a few minutes on warming with many organic com- 
pounds even when air and water ai-e absent. 

Dry Reactions. 

Copper minei-als are very numerous ; and as many of them 
exhibit precisely similar blowpipe reactions, a knowledge of their 
physical character is indispensable to enable the student to dis- 
tinguish them readily. Wet tests are, perhaps, the most delicate for 
copper. 

The most characteristic dry reaction is that which copper com- 
pounds give when heated in a bead of borax or microcosm ic salt 
before the blowpipe flame. The ]?ead is green whilst hot, blue on 
cooling. Most copper compounds, when heated on platinum wire in 
the inner flame, impai't an intense green colour to the outer flame. 
A very minute quantity of copper can be detected by the spectro- 
scope, or by mixii g a small quantity of the mineral with sal 
ammoniac and heating on platinum foil in a colourless flame (see, 
conversely, Halogens,” later). 

All copper compounds are reduced when heated in the inner fl^me 
on charcoal, together with sodium carbonate and potassium cyanide, 
yielding red metallic scales or globules. Sulphides give oflf when 
roasted in an open tube, and leave CuO behind. Malachite or azurite 
gives off water and carbon dioxide when gently heated in a tube. 
Blue vitriol loses water, sulphur dioxide and oxygen, and leaves 
cupric oxide. Cupric phosphate, arsenate, and silicate fuse to coloured 


Cupric Salts : Examination in Solution. 

Hydrochloric acid in the presence of air dissolves copper slightly, 
forming a little OugOlg. Hitric acid is the most active solvent, forming 
cupric nitrate. Sulphuric acid (concentrated and hot) dissolves the 
metal. 

The sulphate, nitrate, and chloride are soluble in water. 

^ Cuprous salts are mostly insoluble, 

SH, (group reagent) gives a brownish black precipitate of cupric 
sulpliide (hydrated), CuS, insoluble in dilute acids ; slightly soluble 
in yellow ammonium sulphide ; soluble with decomposition in nitric 
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acid : completely soluble in potassium cyanide ; insoluble in potassium 
and sodium sulphides or alkali hydroxides. is easily oxidised 

to the sulphate on exposure to air. 

produces the same pi*ecipitate, somewhat soluble in 
excess, especially in yellow ammonium sulphide. 

NaHO or KHO gives a light blue precipitate of Ou(HO).,. The 
precipitate turns black when the solution is heated, and becomes 
denser, losing some waiter of hydration. Thi^ee molecules of Cu(HO)^, 
lose tw’o molecules of OH., and leave 3(CuO),OH,. In the presence 
of many organic substances, such as grape sugar, tai-taiic, and a 
number of organic acids, especially di- and tri-basic acids and sub- 
stances of the nature of urea, NJ-IjCO, the precipitate dissolves to a 
deep blue solution, w’hence the wdiole of the copper is reprecipitated 
on boiling in the form of bright red cnpi'ous oxide, 0u,,0. 

Na.,CO,,, or Iv.,C 03 , produces a greenish blue basic carbonate, of 
the composition CaCO.^,Cu(OH\,, carbon dioxide being evolved. This 
precipitate is converted on boiling into the black precipitate of 
8(CuO),OH,. It is soluble in ammonium hydroxide to an azure blue, 
and in potassium cyanide to a colourless Huid containing a soluble 
double cyanide, Cn(CN) 22 IvCN.''-- 

Hydroxylamine or hydrazine salts in an alkaline solution reduce 
all copper salts first to cuprous oxide and then to metal. 

Ammonium hydroxide, or its carbonates, w’ben added in small 
quantities, produces a greenish blue precipitate of a basic salt, which 
dissolves readily in excess of tha reagents, and forms a magnificent 
azure-blue liquid — a blue which is perceptible if a solution contains 
only minute traces of copper. The blue colour is due to the for- 
mation of some cupramine compound, whence the black copper oxide 
separates on boiling with sodium hydroxide, and ammonia escapes. 

KCy gives a greenish yellow precipitate of cupric cyanide, CuCy^, 
soluble in excess. SH^ produces no precipitate from this solution. 

K^FeCyg gives a reddish brown precipitate of ciijmic ferroc 3 ’anide, 
Cxr>FeCyQ, insoluble in dilute acids, decomposed by potassium or 
sodium hydroxide 'with separation of 3CuO,OH,. Even in extremely 
dilute solutions of copper salts a brownish colour il produced — best 
seen by looking through a long layer of the solution. 

Metallic zinc, iron, aluminium, or magnesium precipitate metallic 
copper, especially in the presence of a little free hydrochloric acid . 
If a few drops of a slightly acidulated dilute copper solution are 
placed on platinum foil (the lid of a platinum crucible), together wdth 
a small piece of sheet zinc, the platinum becomes rapidly coated 
with a reddish film of metallic copper, visible even in the case 

K 
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of very dilate solutions, an equivalent quantity of zine^ being 
dissolved. ^ 

Ammonia in aqueous solution is rapidly oxidised by copper. oxide, 
with tbe formation of ciipramine, GuIST^H^, in solution, nd possibly 
hydrated. The same substance is formed by the combined action of 
air and ammonium hydroxide on copper, and this solution is largely 
used in the manufacture of so-called Willesden fabrics and to gela- 
tinise cellulose as a preliminary to forming the threads or hlaments 
of carbon incandescence electric lamps, artificial silk, &c. 

CUPROUS SALTS. — Copper resembles mercury in existing in com- 
bination in two forms ; or exhibiting two degrees of extent of 
combination energy with other elements, expressed by the terms 
cuprous and cupric. For instance, it combines with oxygen to form 
an oxide, CuO, and another one of half the oxygen content, 
and similarly with sulphur, CuS and Cu^S, and wfith the halogens 
(OuClg and Ci\,01 &c. 

Some of the chemical energy of the copper atom is doubtless 
expended on itself or latent in cuprous compounds, e.g.^ 0n.,0 = 
Cu—Ou. 

\o/ 

Cuprous oxide, when treated with concentrated hydrochloric 
acid, forms cuprous chloride, OiqCI,, which is colourless -when pure. 
Other acids decompose it into metallic copper and cupric oxide, which 
latter dissolves in the acid as a cuprjp salt. Cuprous chloride, when 
moist or in solution, absorbs oxygen readily and is a powerful 
reducing agent. It combines with 00, and is used in gas analysis 
for this reason. 

Acetylene, C^H.,, ethylene, C^H^, and other unsaturated hydro- 
carbons, combine with cuprous compounds, forming a red-coloured 
cuprous acetylide, &c. These are more easily formed from ammo- 
niacal than from acid solutions. They are very insoluble in v.rater 
and are explosive when dry. ^ 

Cupric salts treated with and C^H^ also give the acetylide. 

Cuprous Coripounds. — To a solution of cuprous chloride, Cu^Cl,, in 
concentrated hydrochloric ^ acid add — 

0H.> ; a white precipitate of Ou.jCl., is produced, because the com- 
pound is dissociated and Ou^Ci., isnot soluble in water or dilute acid. 

KHO gives a yellow precipitate of Cu.,(HO).„ insoluble in ex- 
cess ; it attract.s oxygen very rapidly, being converted into cupric 
hydroxide. 

KI, in the presence of sulphurous acid or ferrous sulphate, 
precipitates from cupric salts greenish-white cuprous iodide, Cu^T.„ 
soluble in excess of the iodide.t Both sulphurous acid and ferrous 

* This solution in HCl is undoubtedly a compound, Cu2Ck,2HCl. 
f This is another so-called double salt, K — I 1 
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.sulphate are reducing agents, which, bj the absorption oi’ oxygen 
from the cupric salts, are converted into and thus : 

' (1) 201x80, + 2Fe80, = Ou,,SO, -f Fe.(80,),. 

Cupric Cuprous 

sulphate. sulphate. 

(2) Cu.SO^ -h 2KI == CiiX + K^,80,. 

Cuprous 

iodide. 

KH,SCy and a reducing agent, as form white cuprous 

suiphocyanate, Cu.(SGyX„ insoluble in water, and not atiected by dilute 
acids excepting nitidc. In the presence of X80;; this precipitate is 
very insoluble, and gives a good method of separation of copper from 
many other metals. 

(5) CADMIUM, Cd''. — Cadmium occurs in nature along with zinc 
minerals and resembles that metal to some extent both in chemical 
and physical properties. 

Greenockite, CdS, is the only well-marked cadmium mineral, but 
most zinc ores contain a small amount. It is not so coarsely crystal- 
line as zinc, nor is the blue tint so well marked. 

Atomic weight = 111*84. Relative weight = 8*G0. It melts 
at B15° 0. and boils at 770^0. It can therefore be distilled, and is, in 
fact, generally obtained from the efii*ly portions of the zinc distillate 
in the process of extraction of that metal. Cadmium vapour burns 
with a brown flame or smoke of CdO. It does not rapidly rust in 
water, but tarnishes in air at about the same rate as zinc. 

It is very malleable at the ordinary temperature. (Diflerence 
from zinc.) The common acids easily dissolve the metal, and alkalies 
act upon it, but less rapidly than on zinc. It dissolves quietly in 
ammonium nitrate solution with scarcely any gas evolution. In the 
fused ^state ammonium nitrate dissolves the metal rapidly, and the 
final product may ‘^puflf off or almost explode if stimigly heated. 
Cadmium enters into the composition of a few alloys where ‘‘fusi- 
bility ” is desired. Most metals seem capable of uniting with it, but 
owing to its low melting-point and its volatility it tends either to 
separate or pass off in vapour if the other metal has a high melting- 
point, It is less electro-positive than zinc. 

Experiments. 

I. Heated in tube in air, shows colours finally passing into brown 
ash or oxide, CdO, which does not melt or volatilise, but generally a 
little metal will volatilise and form a dark brown sublimate or mirror 
in the tube. The oxide formed on the surface on gently heating, 
below melting, adheres closely to the metal. 

II. Sulphur does not unite ver^/ easily with cadmium when 
heated in the tube, but more easily than with zinc. 

On heating to the vapourising temperature of the metal, combina- 

^ lo 
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tion takes place very energetically, a beautiful yellow sulphide, CdS, 
being formed ; it is rosy red when hot. 

III. Dilute warm hydrochloric, sulphuric, and nitric acids dissolve 
the metal and form colourless crystalline compounds. The acids 
when cold and dilute act but slowly. 

The oxide dissolves I’eadily in the three acids. Ammonium 
hydroxide also dissolves the oxide, but not very rapidly after it has 
been heated strongly. 

lY, Alkalies also dissolve the metal, but not so rapidly as is the 
case with zinc. 

Dry Reactions. 

Cadmium compounds, when mixed wibh sodium carbonate and 
heated on charcoal in the inner blowpipe flame, give a characteristic 
brown incrustation — i.e., they are readily reduced to the metallic 
state ; but the metal being highly volatile, is reoxidised on its passage 
through the outer flame. Cadmium is recognised with more difficulty 
when it is in combination with zinc — as, for instance, in cadmiferous 
blende. By heating, however, a mixture of blende and sodium 
carbonate and potasssum cyanide for a few moments only on char- 
coal or in a tube a slight brown incrustation is generally obtainable 
before the zinc is volatilised. Cadmium oxide turns the bead of 
borax or microcosmic salt yellowish whilst hot, colourless when 
cold, but this is of no use as a test when other substances are 
present. ^ 

Reactions in Solution. 

Most ordinarily occurring cadmium compounds, as sulphate, 
chloride, iodide, nitrate, acetate, &.c., are soluble in water, and all 
others are soluble in acids. They are mostly colourless. 

(group reagent) gives from dilute solutions a flne yellow pre- 
cipitate of cadmium sulphide, CdS, used as a permanent yellow paint, 
insoluble in alkali sulphides, hydroxides, or cyanides ; insoluble in 
cold, but soluble in hot, dilute nitric and hydrochloric acids ; soluble 
also in dilute 'Sulphuric acid. (Distinction from copper.) 

Hence the separatio7i of cadmium hy means of SH.^, especially from 
acid solufio7iSf is frequently left either hicomplete, or is not effected at 
all, in Group II., unless the p^'ecaution he taken of nea^dy neuU'alising 
the free acid loith ammonia, before passhig SH^, as well as neutralising 
the mineral acid as fast as it is liberated by the SH^ 

(NH^) 2 S, same precipitate. 

KHO, a white precipitate of Cd(IIO) 2 , insoluble in excess. 

ISTH^OH, same precipitate, soluble in excess. 

Alkali cai’bonate free from caustic alkali gives a white precipitate 
of cadmium carbonate, CdCOg, insoluble in excess. 

K.Cy gives a white precipitate of cadmium cyanide, CdOy^,^ 
soluble in excess. Sulphuretted hydrogen precipitates CdS from this 
-solution. (Distinction from copper.) 


See double cyanides. 
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i\letallie zinc precipitates cadmium from its solutions as a erjs- 
talliue powdei', which assumes metallic lustre on rubbing with a hard 
substance. 


Separation of the metals of Subdivision A, Group II. — viz., mer- 
cuiy, lead, bismuth, copper, cadmium, whose sulphides are insoluble 
in ammonium sulphide or sodium hydroxide. 

The precipitate produced by the group reagent wiiich is 

insoluble in ammonium sulphide or sodium h^’droxide, may consist of 
all the five sulphides, or only of one, two, tire. A precipitate of a 
bright yellow colour, e.g.^ would be indicative of cadmium sulphide 
only. If the precipitate is black, it is necessary to examine for all 
the five metals. 

It has already been seen that the sulphides of the metals of this 
subdivision are— 

1st. Insoluble in alkalies and alkali sulphides, and 

2 nd. Insoluble in dilute acids, or nearly so, but soluble in con- 
centrated acids. 

Concentrated nitiic acid (free from chlorine), diluted with its own 
bulk of water, dissolves four out of the fi.ve sulphides — viz., PbB, 
Bi.,S;p OuB, and OdB — with separation of sulphur,* mercuric sulphide 
being completely soluble only in aqua regia. Hence by boiling with 
dilute nitric acid (in the absence of HOI) mercury may be separated 
from the other metals of Bubdi vision A. Concentrated nitric acid 
converts PbS partially into PbBO^f by the simultaneous oxidation of 
the sulphui'. HgB would be, therefore, found in the residue, as well 
as PbBO^ and B. But the whole of the PbB can be converted into 
sulphate only by boiling with fuming nitric acid, and as lead sulphate 
is slightly soluble in concentrated nitric acid the lead would not be 
entirely removed as sulphate. This difficulty is overcome by boiling 
the wdiole of the sulphides with dilute nitric acid, as mentioned, then 
diluting with water and adding dilute sulphuric acid, and, lastly, 
when *cold, adding to the solution its own bulk of alcohol (methyl- 
ated spirit). If a residue is left it may be white, indkative of the 
presence of PbBO^, or black, from the presence of HgS, Sulphur 
may also be left. The solution contains the metals Bi, Cu, Cd. 

Examhiation of the Residue . — Lead sulphate dissolves readily in 
certain salts, such as ammonium acetate or tartrate, also in strong 
HOI when hot. By treating the residue, therefore, with a concen- 
trated solution of ammonium acetate, the PbSO^ is dissolved out. 
The absence of mercury compounds may be inferred if no black, but 
odiy a yellow, residue of sulphur is left, and if no mercury has been 
indicated by the reactions in the dry way. The presence of both 
lead and mercury should, however, invariably be confirmed by special 
tests — viz., the lead by means of potassium chromate, and the mercury 
by heating the dry residue in a bulb tube with dry sodium carbonate. 

Examination of the Sohition . — It has been seen that NH^OH 
precipitates Bi(HO)g, wffiich is insoluble in excess, whilst Cu(HO)2 

A little H2SO4 is also formed. ^ 
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and 0 d(H 02 ) are likewise precipitated, but are soluble in excess. 
If a white precipitate be obtained on adding ISTH^OH, the inference 
is that bismuth is present. (Should the lead not have been removed 
entirely, some Pb(IIO)^, would be also precipitated.) The precipitate 
is filtered off and well washed, then redissolved in a little hydro- 
chloric acid, and precipitated by the addition of much water.* The 
ammoniacal filtrate is of a fine azure-blue colour when copper — even 
m small quantities — ris present. If colouiless, and if, by the addition 
of SH^, a fine yellow precipitate comes down, the inference is that 
no copper is present, but only cadmium. If a black precipitate 
comes down on passing the gas through the slightly acidulated (HCl) 
solution, the presence of copper and possibly of cadmium is indicated. 
These two metals can be separated either by means of KOy (CdS 
being insoluble in potassium cyanide) or dilute sulphuric acid (OuS 
being insoluble in hot dilute sulphuric acid). Filter again ; in the 
one case copper is left in solution, in the other cadmium. It is not 
difficult to identify these two metals by special tests. 

The separation of the metals mercury, lead, bismuth, copper, and 
cadmium is therefore based upon — 

1st. The insolubility of HgS in nitric acid. 

2nd. The formation of PbBO^, and its solubility in ammonium 
acetate. 

3rd. The insolubility of Bi(HO )3 in excess of ammonium hy- 
droxide. 

4th. The insolubility of CuS iji dilute sulphuric acid, or its solu- 
bility in potassium cyanide. 

A tabular scheme for their separation is given in the Analytical 
Tables, Table II. 


Geoup II. Subdivision B. 

(1) TIN, Sn" and — This metal is found in nature mainly in the 
form of tinstone or cassiterite, SnOg, sometimes combined with sulphur, 
as tin pyrites, SnS^ (bell-metal ore). The metal is obtained by the 
reduction of its oxide, SnO^, by carbon at a high temperature. It is 
white, with a slight yellow tint. Atomic weight = 117*70 ; rela- 
tive weight, 7*29 ; melting-point, 230*9® 0. ; boils between 1450® and 
1600" 0. Soft, but does not mark paper like lead. Tin, although very 
malleable, is a very crystalline metal, as may be noticed when a piece 
is treated with a dilute acid — crystalline markings appear; also on 
bending a creaking or scream is noticed, due, doubtless, to the 
rupture of contact between crystal faces. This element is related to 
carbon (see ISTewland's table, ante). 

Tin is much used alone in the form of tinfoil, and also in many 
alloys. Tin ‘‘ ware is iron coated with tin — a superficial alloy only. 
Copper is ‘Hinned’’ for protection against chemical actions. Some 
bronzes contain tin (see Copper Pewter should be tin with 1 
- or 2 per cent, only of lead. 

^ Much water here means pouring the ’3 or 5 c.c. of solution into about 
500 c.c* of water^ 





Fig. 79. — Tin, lead, antin^ny, rapidly cooled after fusion 
(Sn 45, Pb 40, Sb 15 per cent.). { X 70. ) 



Fig. 80, — Tin, lead, antimony, slowly cooled after fusion, ( x 70.) 

To face p. 197 
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Solder consists of tin and lead. “ White metals ” contain tin, 
lead, antimony, and sometimes copper. The micr»gr«aphs shown by 
Figs. 79 and 80 are of an alloy of tin, lead, and antimony. It is white, 
and takes a good polish. 

The metal does not oxidise in air, excepting when heated to its 
melting-point. Water has no action at ordinary temperatures, and 
dilute acids and alkalis little, if any. Concentrated HOI dissolves it 
when heated or when in presence of platinum."^ Strong nifodc acid con- 
verts it into metastannic acid. Fused alkalies also act on the metal at 
a high temperature, oxidising it, and then combining with the oxide, 
forming stannates. It exhibits tw'o, if not three, stages or degrees of 
energy in its combinations with other substances. For instance, 
oxides, SnO, Sn^.Og, SnO^, ; chlorides, SnCl„ SnClj. 

Tin dissolves slowly in hot hydrochloric acid ; readily in aqua 
regia, with formation of SnOl^. Nitric acid convei'ts tin into meta- 
stannic acid, Sn.O,(HO)jy, wdiich by evaporation and ignition is con- 
verted into SnO.,. Tin forms very few real salts. Its metallic or 
basic nature is but slight. It is, in fact, a member of the carbon 
group, and shows a greater tendency to form acid than basic com- 
pounds. All the members of this group form an oxide, ]\[Oo, which 
exhibits acid characters. 

Experiments. 

I. Heated in a tube in air : after melting, coloured films pass over 
surface of globule. A grey ash^ forms, which does not melt, but 
becomes yellow-brown when hot, pale yellow when cold. It is SnO^,. 

II. With sulphur combination takes place readily, with heat 
evolution. The product is blackish, soft, fusible, and crystalline, 
= SnS. 

III. Hot hydrochloric dissolves tin ; hydrogen escapes, SnCh is 
formed. On evaporating in dish white crystals may be obtained. A 
large quantity of water added to the crystals will produce a white 
amorphous hydrated compound, owing to hydrolysis. 

Sulphuric has little or no action unless boiling, and then only 
slowly, with evolution of SO^. • 

Nitric acid acts violently ; red gases escape and a white po'wder is 
formed, which does not dissolve either in the acid or in water. Strong 
HOI slowly dissolves this powder. Oxide of tin prepared as in I. is 
almost insoluble in all acids. Strong NaHO dissolves it to some 
extent. 

IV. Ammonia is without action on the metal or oxide. KHO 
%nd NaHO in very concentrated solution act on the metal, hydrogen 
being slowly evolved. The presence of another metal, as iron or plati- 
num, assists this solution in alkalies by forming a galvanic couple. 

Melted ammonium nitrate also oxidises the metal to SnO^. 

* It may be remarked that it is extremely likely that a perfectly pure 
metal, even one ordinarily considered positive in chemical character, would- 
be unacted upon by acids, the small amount of impurity in ordinary metals 
sufficing to set up a voltaic action, under the influence of which they are 
attacked more easily. ^ 
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Dry Reactions. 

WEen tin miifeerals are fused on charcoal, with sodium carbonate 
and potassium cyanide, in a strongly reducing dame, they yield small 
globules of tin which are malleable, and the charcoal becomes 
covered with a white coating of SnO^. If this white incrustation 
be treated with a solution of cobalt nitrate, and sti’ongly heated, it 
assumes a bluish green colour, which is characteristic of tin, but is 
not to be trusted to when other metallic oxides are p resent. Insoluble 
stannic oxide, SnO^, or the native oxide, may also be fused with 
KHO in a silver crucible, and thus converted into potassium stan- 
nate, soluble in water ; or it may be rendered soluble by fusion on 
charcoal with 3 parts of sodium carbonate and 3 of sulphur, when 
sodium sulphost annate is formed, which is soluble in water, but is 
decomposed and precipitated as SnS^ by means of hydrochloric acid. 

By introducing into a borax bead — in which sufficient cupric 
oxide has been diffused to render the bead faintly blue — traces of a 
stannous compound and heating it in the reducing flame, the bead 
turns reddish brown or forms a ruby-red glass, owing to the reduc- 
tion of the copper compound to red cuprous oxide. 

Tinstone being insoluble in acids, must be fused with alkali 
carbonates and a reducing agent, such as potassium cyanide, char- 
coal, or black flux (ignited Rochelle salt), when metallic tin is 
obtained. 

Tin is capable of forming two series of salts, of oxides, sulphides, 
<&c., viz. : 

' * 


Stannous compounds. 

SnCl2, Stannous chloride. 
SnO „ oxide. 

SnS04 „ sulphate. 

SnS „ sulphide. 


Stannic coyiipounds. 
SnivOb Stannic chloride. 

Sni^Oo „ oxide (anhydride), 
sulphide. 


Stannic acid, H^SnOg, combines not only with the strong alkali 
bases, OK^, ONa^, but even with stannous oxide, SnO, tcvform 
stannates, e.^., KgSnOg, dipotassium stannate; SnSnOg, stannous 
stannate. • 

Reabtions in Solution. 

A. Stcmnous Compounds . — A solution of stannous chloride, SnOlg, 
is employed. 

“SHg (group reagent) gives a dark brown precipitate of stannous 
suljffiide, BnS,. insoluble in ammonium hydroxide ; nearly insoluble 
in hor^^l ammonium sulphide, but readily dissolved in the presence 
of sulphur* or 'by the yellow sulphide ; from this latter solution it is 
reprecipitated as yellow stannic sulphide, SnSg, on the addition of 
hydrochloric acid. It is also soluble in potassium or sodium hy- 
droxides, from which hydrochloric acid precipitates SnS unchanged. 
Soluble in boiling hydrochloric acid. 

^ (11114)38 gives the same precipitate. Soluble in large excess. 

KHO or KaHO gives a white bulky precipitate of 2(SnO),OH3, 
soluble in excess to potassium stannite, KgSnOg. 
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Ammonium hydroxide or carbonate, same precipitate, insoluble in 
excess. * 

By far the most interesting reactions are based, howevei’, upon 
the teniienev of stannous salts to become converted into stannic 
salts. SnCI^, combines directly with two more atoms of chlorine to 
become BnOl^, whereby the chemical athnities of tin for chlorine 
become sati.'^iied. Stannous compounds may be viewed as un- 
sat isded bodies, which can deprive certain other bodies of chlorine, 
oxygen, Ac. 

HgCl, added to a solution of SnCl_. produces hrst a white precipi- 
tate of mercurous chloride, and when boiled with excess of 

Snt.’b a greyish powder of metallic mercuiy. 

OuCl_, is reduced by >SnCh, to cuprous chloride, OiiX-l,, with forma- 
tion of SnGl^. 

FeXl^ yields two atoms of chlorine to SnCl„ forming SnCl^, and 
leaving two molecules of FeCI^,. The yellowish solution turns green 
or colourless. 

Potassium pei^manganate or dichromate solutions, in the presence 
of an acid, become colourless and green respectively when SnCl_, is 
added to them. 

AuCl.^ gives with SriGl,, a purple precipitate (purple of Cassius), 
which may be viewed as Au., + flSnO.,. The change may he expi’essed 
thus : 2AuCl, + + hOH, - Au^-f 3Sn(X + 12HG1. 

This is a most delicate reaction, especially when the SnCI. contains 
a little’ SuGl^, ^ 

B. Staimic Conipoinids, — A solution of stannic chloride, SnGI^, or 
bromide, SnBr^, is almost the only form in which it can be employed 
for these tests. These compounds are decomposed by much water, 
so the solution must be fairlv strong and have a slight excess of 
acid (HGl). 

(group reagent) gives a yellow precipitate of stannic sulphide, 
SuBg^readily soluble in alkali sulphides, potassium hydroxide, boiling 
concentrated hydrochloric acid, and acpia regia ; soluble, although 
somewhat slowly, in ammonium hydroxide (distincti©n from SnS), 
and insoluble in ammonium hydrogen carbonate, 

(NHj)^,S, same precipitate, soluble in excess. 

KHO or XaHO produces a white precipitate of stannic hydroxide, 
H^SnO.^, or stannic acid, which is completely soluble in excess, forming 
potassium or sodium stannate, soluble in hydrochloric acid. 

NH 4 OH precipitates the hydroxide; excess redissolves it but 
slightly. Tartaric acid prevents the precipitation. 

Soluble carbonates give the same precipitate. 

Stannic chloride furnishes an interesting case of precipitation — 
viz., by means of neutral salts, such as sodium sulphate, ammonium 
nitrate (in fact, most neutral salts). Metastannic acid, Hj^jSn^Oj^, is 
precipitated on heating, provided the solution of stannic chloride is 
not too acid, thus : . 

mncn -j- sn -uir%nTT j. 9A’Krcrii-L.9nxroTrsn • 
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Dry Reactions. 

WLen tin numerals are fused on charcoal, with sodium carbonate 
and potassium cyanide, in a strongly reducing flame, they yield small 
globules of tin which are malleable, and the charcoal becomes 
covered with a white coating of SnO^. If this white incrustation 
be treated with a solution of cobalt nitrate, and strongly heated, it 
assumes a bluish green colour, which is characteristic of tin, but is 
not to be trusted to when other metallic oxides are present. Insoluble 
stannic oxide, SnO^„ or the native oxide, may also be fused with 
KHO in a silver crucible, and thus converted into potassium stan- 
nate, ‘soluble in water ; or it may be rendered soluble by fusion on 
charcoal with 3 parts of sodium carbonate and 3 of sulphur, when 
sodium sulphostannate is formed, which is soluble in water, but is 
decomposed and precipitated as SnSg by means of hydrochloric acid. 

By introducing into a borax bead — in which sufficient cupric 
oxide has been diflused to render the bead faintly blue — traces of a 
stannous compound and heating it in the reducing flame, the bead 
turns reddish brown or forms a ruby-red glass, owing to the reduc- 
tion of the copper compound to red cuprous oxide. 

Tinstone being insoluble in acids, must be fused with alkali 
carbonates and a reducing agent, such as potassium cyanide, char- 
coal, or black flux (ignited Rochelle salt), when metallic tin is 
obtained. 

Tin is capable of forming two series of salts, of oxides, sulphides, 
&c., viz. : 

* m 


Stannous compounds. 

SnCl2 Stannous chloride. 
SnO „ oxide. 

SnS04 „ sulphate. 

SnS „ sulphide. 


Stannic compounds. 

Sni^'Ch Stannic chloride. 

Sni'^Oo „ oxide (anhydride). 
Sn*''So „ sulphide. 


Stannic acid_, H^SnOg, combines not only with the strong alkali 
bases, OK^, ONa 2 , but even with stannous oxide, SnO, to»form 
stannates, e.p., K^SnOg, dipotassium stannate; SnSnOg, stannous 
stannate. • 

Reactions in Solution. 

A. Stannous Go7np)ounds . — A solution of stannous chloride, SnCl^, 
is employed. 

SHg (group reagent) gives a dark brown precipitate of stannous 
sulphide^ SnS, insoluble in ammonium hydroxide ; nearly insoluble 
in 'horrnal ammonium sulphide, but readily dissolved in the presence 
of sulphur or by the yellow sulphide ; from this latter solution it is 
reprecipitated as yellow stannic sulphide, SnS^, on the addition of 
hydrochloric acid. It is also soluble in potassium or sodium hy- 
droxide^s, from which hydrochloric acid precipitates SnS unchanged. 
Soluble in boiling hydrochloric acid. 

* gives the same precipitate. Soluble in large excess. 

KHO or NaHO gives a white bulky precipitate of 2 (SnO),OH 2 , 
soluble in excess to potassium stannite, KgSnOg. 
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Ammonium hydroxide or carbonate, same precipitate, insoluble in 
excess. ♦ 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted into stannic 
salts. SnCl> combines directly with two more atoms of chlorine to 
become SnOl^, whereby the chemical affinities of tin for chlorine 
become satisfied. Stannous compounds may he viewed as un- 
satisfied bodies, which can deprive certain other bodies of chlorine, 
oxygen, &c. 

HgCl., added to a solution of SnOI, produces first a white precipi- 
tate of mercurous chloride, and when boiled with excess of 

SnC].> a greyish powder of metallic mercury. 

C\xCl, is reduced by SnCL, to cuprous chloride, Ou^Cl^, with forma- 
tion of SnCl^. 

Fe.^Clg yields two atoms of chlorine to SnCl^, forming SnCl^, and 
leaving two molecules of FeCl,. The yellowish solution turns green 
or colourless. 

Potassium permanganate or dichromate solutions, in the presence 
of an acid, become colourless and green respectively when SnOl^ is 
added to them. 

AuClg gives with SnCl^ a purple precipitate (purple of Cassius), 
which may be vie^ved as Au., + 3SnO.,. The change may be expressed 
thus : 2AUCI3+ 8SnCl, + 60H, = Au> SSnO^d- 12H01. 

This is a most delicate reaction, especially when the >SnCl2 contains 
a little SnCl^. ^ 

B. Stannic Compounds . — A solution of stannic chloride, SnOI^, or 
bromide, SnBr^, is almost the only form in which it can be employed 
for these tests. These compounds are decomposed by much water, 
so the solution must be fairly strong and have a slight excess of 
acid (HOI). 

SHg (group reagent) gives a yellow precipitate of stannic sulphide, 
SnS^^readily soluble in alkali sulphides, potassium hydroxide, boiling 
concentrated hydrochloric acid, and aqua regia ; soluble, although 
somewhat slowly, in ammonium hydroxide (distinction from SnS), 
and insoluble in ammonium hydrogen carbonate. 

(NH^'jgS, same precipitate, soluble in excess. 

K.HO or NaHO produces a white precipitate of stannic hydroxide, 
HgSnOg, or stannic acid, which is completely soluble in excess, forming 
potassium or sodium stannate, soluble in hydrochloric acid, , 

NH^OH precipitates the hydroxide ; excess redissolves it but 
slightly. Tartaric acid prevents the precipitation. 

Soluble carbonates give the same precipitate. 

Stannic chloride furnishes an interesting case of precipitation — 
viz., by means of neutral salts, such as sodium sulphate, ammonium 
nitrate (in fact, most neutral salts). Metastannic acid, Hj^Sn^Oj^, is 
precipitated on heating, provided the solution of stannic chloride is 
not too acid, thus : . 

5SnCl,-f 20Na,SO,4-15OH.-H.gSnPjg-f 20Na01 + 20NaHSO,.- 

5SnCl, 4- 20NH;N03 + 150H; ^ + 2ONH4CI + 2OHNO3. 
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Metallic zinc precipitates from acid solutions of stannous or stannic 
chloride metallic -tin in the form of grey laminse, orof a spongy mass 
which can be readily dissolved in hydrochloric acid, especially when 
in contact with a piece of platinum foil. Metallic iron produces no 
precipitate, but reduces to a stannous salt. 

Metallic tin reduces stannic to stannous chloride, thus : 

SnCl, + Sn = 2SnOI,. 

Copper similarly : 20u + Sn0l4 = SnOl^ + Cu^Cl^. 

A solution of stannous chloride (containing hydrochloric acid) 
cannot be kept, when exposed to air, without changing to stannic 
chloride and insoluble stannous oxychloride, Sn.,OOJo, on account of 
the great attraction which stannous salts possess for oxygen, thus : 

(1) 2SnO], + 0 = Sn,00l, + 01,. 

(2) SnOl, + 01, = Sn0l4. 

Hence granulated metallic tin or pure tinfoil is usually put into 
stannous chloride solutions in order to prevent the oxidation, and an 
excess of free acid to prevent precipitation. 


(2) ANTIMONY, Sb'" and — Is sometimes found in the metallic state ; 
also in combination with oxygen as white antimony, Sb^Og, but more 
frequently as sulphide, Sb^Sg (grey antimony, stibnite),"and in com- 
bination with other metallic sulphides (Ag^S, PbS, Ou^S), as sulph- 
antimonite and sulphantimonate. • ” 

Metallic antimony is eminently crystalline, brittle, and of a bluish 
grey colour. Atomic weight = 119*6 ; relative weight, 6*71. Melts 
at 440® 0., and boils between 1090® and 1450° 0. 

It combines with many metals, forming distinct compounds, most 
of which are hard, crystalline, and brittle. Type metal contains about 
15 per cent., and other lead alloys smaller amounts. Where ductility 
or malleability is desired antimony must be absent. Its presence is 
therefore in many cases objectionable — -as, for instance, in copper or 
brass. It is th^ “ hardening element in some alloys of lead and tin. 
When heated it gives off vapour below the temperature above given 
as the boiling-point. 

Water and acids, with the exception of nitric, have little or no 
action at ordinary temperatures. It combines with oxygen, sul- 
phur, and the halogens directly, and with considerable energy, in two 
degrees, forming two distinct classes of compounds. 


Antimonious compoimds. 

SbCU Antimonious chloride. 
SbgOg „ oxide. 

SMg „ sulphide. 

H»b02 Metantimonious acid. 


Antimonic compounds, 

SbCIg Antimonic chloride. 
iSbgOg „ oxide. 

SbgSg „ sulphide. 

HSbOg Metantimonic acid. 


- Both these acids can enter into combination with strong j^bases, 
'Such as the alkalies, to form weak salts — ^metantimonites and met- 
antimonates, viz. : 
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KSbO^,, Potassium metantimonite. 

KSbOg, Potassium metantimonate.* 

NaSbOg, Sodium metantimonate. 

SboO^ is formed when antimonic oxide (obtained by the action of 
nitric acid upon antimony) is ignited. This compound is of some 
importance, as it serves for the quantitative estimation of antimony. 

Experiments. 

I. Heated in air, the metal melts readily and begins to give off 
white vapours, which condense on cooler parts of tube. A white 
crystalline oxide forms on and surrounds the globule of melted metal. 
It is SboOg, which fuses to a yellow mass and begins to sublime at a 
red heat. 

II. Heated with sulphur, combination easily takes place, some 
of the product svhliming to the upper part of the tube by the heat 
evolved. The product is a reddish black, especially the sublimate. 

III. Hydrochloric acid has no action on the metal. Sulphuric, 
even when concentrated and hot, has only a very slow action, 

Nitric oxidises the metal to a white amorphous powder containing 
Sb^Og and Sb^Og, which is quite insoluble in nitric acid, but dissolves 
in some other acids and in alkaline solutions. 

Alkali hydroxides dissolve both the oxide produced as in I., 
or the sulphides as in II. The metal is unaffected by alkalies or 
ammonia. 

N.B. — If the melted globule obtained in I. be thrown out on to 
a large piece of paper it will break up, and the small globules will glow 
brightly and flow over the paper, leaving white and brown lines or 
streaks, partly oxide, partly metal, showing that both metal and 
oxide were in vapour. 

Dry Reaetions- 

On heating metallic antimony or an antimony mineral — e.y., grey 
antim<5!Qy — with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and anti- 
monic oxides are given off, which condense on the colder part of the 
charcoal or glass tube, thus : Sb^Sg -p 90 = Sb^Og + 3S0.,. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal with sodium carbonate and potassium 
cyanide. A brittle globule of metallic antimony is obtained, giving 
off dense white fumes of ^b^Og (even after the withdrawal of the 
metal from the flame), which thickly encrust the metallic globule 
with a network of brilliant acicular crystals. 

This is sometimes difficult to bring about. 

Reactions in Solution. 

Chlorine and bromine attack antimony violently, forming with it 
SbClg and SbBrg, or SbClg and SbBr^, according to the proportions 
of halogen employed and the temperature at which the combination * 
takes place. Hydrochloric acid has no action upon the metal, but ^ 
aqua regia dissolves it readily to SbOl^. Nitric acid converts it into 
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a compound containing and insoluble in nitric acid, 

soluble in tartafic acid. Grey antimony, SK^Sg, as well as Sb^S^, 
dissolves in concentrated hydrochloric acid, with evolution of sul- 
phuretted hydrogen, the latter sulphide with separation of sulphur. 

Tw^o distinct classes of compounds exist. 

A. Antinionioiis Gompoimds, — Antimonious chloride dissolved in 
a little HOI or tartar emetic, potassium antimony tartrate, also in 
dilute HOI, will give the under-mentioned reactions. There are 
scarcely any salts of antimony. 

SH., (group reagent) gives an orange-red precipitate of hydrated 
antimonious sulphide, Sb^S.^, soluble in alkali sulphides and in 
potassium or sodium hydroxides ; reprecipitated by hydrochloric 
acid ; slightly soluble in ammonium hydroxide ; all but insoluble 
in hydrogen ammonium carbonate and in hydrogen ammonium or 
hydrogen potassium sulphites. It dissolves in boiling concentrated 
hydrochloric acid. 

Temperature and concentration of the reagents produce reciprocal 
effects.* In a cold dilute hydrochloric acid solution the SbClg ex- 
changes its chlorine for sulphur with SH^, Sb^Sg being precipitated, 
■whilst boiling concenti’ated hydrochloric acid dissolves Sb^Sg readily, 
with evolution of SHg. 

(NHJ^S produces the same precipitate as SH^, soluble in excess. 

KH(3 or HaHO precipitates antimonious oxide, Sb^Og, readily 
soluble in excess, with formation^of potassium antimonite.^ 

NH 4 OH, same precipitate, almost insoluble in excess. 

Soluble carbonates, the same precipitate. 00^ is evolved. 

OHg decomposes SbOlg, forming a white insoluble basic salt, 
antimonious oxychloride, SbOOl, soluble in tartaric acid. (Distinc- 
tion from bismuthous oxychloride, BiOCl.) Water, therefore, gives 
no precipitate with a solution of potassium antimonyl tartrate 

(tartar emetic) OgHg(OH)gQQ^^Q ; and alkalies and alkali carbonates 

produce a partial precipitation only after some time. 

Metallic Xn, Cu, Cd, Fe, Al, Sn, and Pb precipitate the metal in 
the absence of free nitric acid as a black powder. Some SbHg is liable 
to be formed. 

A rather delicate reaction for antimony consists in precipitating 
the metal from a dilute hydrochloric acid solution on platinum foil 
or on the 3 id of a platinum crucible, by means of a small strip of 
metallic zinc. H and SbHg (antimonietted hydrogen) are evolved, 

* These are mostly mass reactions. The student’s attention might have 
been drawn to them sooner. As a rule, perhaps when more is known, without 
exception, a chemical reaction is a reversible cycle. 

a -h nHaO = H., -f M'’0 -f n - IHoO. 

h W'O + nHg = -p HgO -{- n - 2H: 

« For the completion of each of these equations it requires that n must 
^ have a considerable value. These actions may be compared to a crowd of 
moving molecules succeeding in pushing one or two of their number into 
some difficult position. 



REACTIONS OF THE METALS OF GROUP 11. 203 

and the piatinum is stained brown or black by the deposited metal, 
(or hydride, Sb.,HJ. Mere traces of antimony can thss be discovered. 
The stain is little, if at all, affected by hot dilute hydrochloric acid, 
but disappears on heating with nitric acid. (Tin gives no hlach stain 
on piatinum.) The finely divided metal, as precipitated by zinc, is 
more readily acted upon by acids than when in a compact state. 
This is, however, a general property of metals. 

Compounds containing triad antimony exhibit a tendency (less 
marked, however, than in stannous compounds) to combine with 
more chlorine, &c., and to pass into antimonic compounds. 

The following are some of the reactions naturally arising from 
this tendency of antimonious compounds : 

When a current of chlorine gas is passed over solid SbClg, 
chlorine is absorbed ; the trichloride liquefies, forming penta- 
chloride ; 

BbCI, + Cl, = SbOl,. 

Solid Liquid 

antimonious antimonic 

chloride, chloride. 

Sodium metantimonite, NaSbOo, is oxidised in the presence of 
sodium hydroxide by free iodine, with formation of sodium metanti- 
monate, NaSbOg and Nal, thus : 

NaSbOg + I, + 2NaHO = NaSbOg + 2NaI + OH. 

A hydrochloric acid solution of SbOlg reduces AuCIg to metallic 
gold (frequently with separation of^HSbOg), thus : 

^ SSbClg + 2 AuO] 3 = BSbCl, + Au,. 

Sodium metantimonite is oxidised in an alkaline solution by 
argentic oxide, OAg^, to sodium metantimonate, a lower oxide of 
silver or perhaps metallic silver ^ being formed, which is insoluble in 
ammonium hydroxide, OAg^ being readily soluble. (Distinction 
betwe^ SbgOg and Sb,,0..) 

The several reactions may be expressed as follows : 

(1) SbClg + 4NaHO = NaSbO, + SNaCl + 2l)H,. 

Sodium 

metantimonite. 

(2) 2 AgN 03 + 2NaHO = OAg, + 2NaNOg + OH,. 

Argentic oxide 
(insoluble in NaHO, 
soluble in NH4OH). 

- (3) NaSbO, + 20Ag, = NaSbOg 4 - OAg^. 

Black argentous 
oxide (?) (insoluble 
in NH4OH). 

Na^^S^Og (sodium thiosulphate) precipitates Sb^Bg, thus : 

SNagSgOg 4* SbgOg = SbgSg 4" ^^,^0 

* There is still some question as to the composition of these silver com- 
pounds, although a good deal of work has been done on them. 
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B. Anfmionic Compounds . — Potassium metantimonate, KSbOg, 
may conveniently be employed for studying the reactions in an 
aqueous solution. 

This salt is prepared by fusing metantimonic acid, HSbOg, with 
a large excess of KHO in a silver crucible, or by deflagrating finely 
powdered metallic antimony with a mixtui*e of potassium nitrate and 
carbonate in a porcelain crucible, and dissolving the mass in cold 
water. 

HSbOg fused with NaOH gives sodium metantimonate, which is 
insoluble in water, or nearly so. 

KSbO^ is readily decomposed by concentrated acids (hydrochloric 
or nitric), metantimonic acid being precipitated. It dissolves in 
excess of warm dilute HCl. 

gives from a solution of HSbO.^ in excess of hydrochloric 
acid an orange precipitate of antimonic sulphide, SKS^, mixed with 
Sb^Sg and S ; soluble in alkali sulphides, readily soluble in ammonium 
or potassium hydroxides ; also soluble in boiling concentrated hydro- 
chloric acid, with evolution of and deposition of S ; only very 
sparingly soluble in cold hydrogen ammonium carbonate. 

(NHJgS, same precipitate, soluble in excess. 

Ferrous sulphate does not reduce antimonic compounds. 

Antimonic compounds, like stannic salts, can, under certain con- 
ditions, act as oxidising agents, e.g . : 

On igniting antimonic anhydride, it splits up into Sb.,0^ and 
oxygen. 

SnClg precipitates HSbOg from a hydrochloric acid solution of 
HSb 03 , the SnOlg being converted into SnCl^. 

bn boiling a solution of HSbOg in hydrochloric acid, whereby 
some SbOl^ is produced, with potassium iodide, iodine is liberated, 
colouring the solution brown. Iodine is set free because SbOl^ on 
being heated with KI behaves thus: SbCl. -h 2KI — 2 KOI 4- Ig + SbOlg. 
The liberated iodine is readily recognised by means of the starch 
iodine reaction.^ (Distinction between antimonious and an^monic 
compounds.) 

SbClg is tiseful in a number of cases as a conveyor ” of Cl to 
organic compounds, 

(3) ARSENIC, As'" and L — This element is very widely distributed 
in small quantities in nature in a state of combination. It is sometimes 
found native, but exists most frequently united with sulphur as 
realgar, As^S^, and as orpiment, As^Sg, or arsenious sulphide (sulphar- 
senious anhydride) ; with metals it exists in arsenical nickel, As^lji, 
copper nickel, As^Ni^, and in smaltine, As^Oo. Arsenic acts generally 
more like a metalloid than a metal. Metallic arsenides are frequently 
found in combination with metallic sulphides, such as the sulphides 
of Ag, Fe, Ni, Co, Cu, &c., as in the common mineral mispickel, or 
arsenical pyrites, FeAs^FeS^ ; in nickel glance or grey nickel ore, 
'^NiASgjNiSg, and in cobalt glance, CoAs^jCoSg. Arsenic occurs also in 

* See test for iodine with starch paper or starch paste, due to a supposed 
compound of iodine and starch. 
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the form of metallic arsenates, such as calcium, magnesium, nickelous, 
cobaitous, lead arsenates ; for example, in the minei\^l pharmacolite^ 
(calcium pyrarsenate), in nickel ochre, NigAs^Og/JOH^, 
in cobalt bloom, OOgAs^^O^jSOHo, and in mimetesite, 3Pb3AK%Oj,,PbO]2, 
In still smaller quantities or traces it is present in coals, some waters, 
and many minerals, as iron ores. 

Metallic arsenic is highly crystalline, of a dark grey colour, and 
exceedingly friable. Its atomic weight = 74-9; relative weight, 5*73. 

It does not melt before volatilising at the ordinary pressure, but 
under considerable pressure appears to melt at a red heat. It passes 
into vapour slightly at all temperatures and sublimes in crystals ; 
distils readily at 449-450° C. It oxidises on exposure to air super- 
ficially, and also on contact with water slowly. Acids have no action 
upon it in the sense of forming salts. Nitric acid oxidises it to 
arsenic acid. Other substances containing oxygen also attack it. 
Alkalies dissolve it, hydrogen being liberated. It combines directly 
with sulphur and the halogens, in addition to oxygen, in two degrees, 
forming arsenious and arsenic compounds. All these compounds are 
volatile, mostly without decomposition. ‘ It alloys, or unites, with 
most other metals, and imparts hardness, fusibility, and brittleness, 
even when in small quantity. This appears to be due to the for- 
mation of arsenides, which then dissolve, forming solid solu- 
tions (see “Steel,” &c.), as is the case with carbides, oxides, 
sulphides, &c. In addition to the efifects above mentioned, the 
arsenide when contained in this state tends to separate out into 
veins, &c., to segregate, thus causing dangerously weak places in 
the metal. 

Traces of arsenic are almost invariably found in commercial S, 
Fe, Ou, Zn, Sn, H, and HOI. On account of the solubility 

of its oxides, arsenic is found in some mineral waters and in the 
deposits from them. 

Arsenic, as element, is scarcely employed ; one or two alloys — 
shot, Spr instance — contain it. Its compounds both with oxygen 
and sulphur and salts of the acids it forms are very largely used. 

In its chemical nature it shows a strong resemblance t® phosphorus, 
and less distinctly to nitrogen. 

Experiments. 

I. Heated in the tube (N.B., a very small particle only to be 
used), the metal gives off vapour, part of which is condensed on the 
upper cool end of tube. A white ring, and generally also a black 
or brown ring, is formed alongside, but nearer the heated part of 
tube. A very unpleasant odour is perceptible whilst the substance 
is vapourising. The white ring is generally crystalline, As^O^ ; it 
dissolves in hot water. The brown ring is dull and amorphous, 
and the black one is shining, but not distinctly crystalline. 

II. Heated with sulphur, a yellow-red substance is immediately 
formed, which sublimes very easily from one part of the tube to, 
another. It is darker whilst hot than when cold. It is a sulphide, , 
and may be As^Sg or As^Sg. 
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HI. Acids have no solvent action. Nitric acid oxidises it to 
ASgOg or As^O^, •which dissolves slightly. 

Ammonia has no action on the metal, but dissolves the oxide 
from I. or from III., and also the sulphideun II. Alkalies, KHO 
and NaHO, dissolve the metal with evolution of hydrogen ; the oxides 
and sulphides also dissolve in alkaline solutions. The hydrogen 
evolved is not pure, but contains always some AsHg ; great care must 
be taken not to breathe this. 

Dry Reactions. 

Arsenic can be completely volatilised. When heated in contact 
with air, either on charcoal or in an open tube, it burns and forms 
arsenious anhydride, As^^Og, which gives a peculiar fume and coloured 



flame and most characteristic odour.* Arsenical compounds give the 
same indications when heated by themselves on charcoal in the re- 
ducing flame, and on the addition of sodium carbonate and potassium 
cyanide, whether the arsenic be present as arsenite or arsenate. 
The blowpipe experiments should be performed with great caution, 
since arsenical fumes are poisonous. The reaction being so very 
delicate, very small quantities only of the substance need or should be 
operated upon. 

When arsenical compounds are heated in a bulb tube (Fig. 81 or 
82 ), mixed with a proper reducing agent (such as sodium cai^onate 
and charcoal powder or black flux),t metallic arsenic sublimes and is 
deposited in the shape of a lustrous steel-grey mirror, h, in the upper 
part of the tube. 

ASgOg, and some arsenites, when heated with a carbonate as 
CaOOg, calcium carbonate, or K^COj or Na^OO^, give a sublimate of 
metallic arsenic along with some oxide. The whole of the arsenic 
present as arsenite is not given ofi*. 

Reactions in Solution. , 

Chlorine attacks arsenic violently, forming a highly poisonous 
and volatile liquid, arsenious chloride, AsClg. Hydrochloric acid 

The odour of arsenic vapour is said to resemble that of garlic. They 
are somewhat alike. 

t See “ Reagents,’* Appendix. This reagent should be a mixture of dry soda- 
lime and charcoal in fine powder. It then answers for Hg, NH4, As, and Od 
^ compound s. Black flux, made by igniting Rochelle salt, is still better as a 
reducing agent . 
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does not act upon arsenic ; nitric acid oxidises it to arsenious and 
arsenic acids, according to the concentration of the £?cid. 

Arsenic forms two oxides, sulphides, tfec., and two well charac- 
terised Series of salts, arsenites and arsenates, as well as arsenides. 


A. Arsenious Compounds , — A solution of arsenious anhydride, 
As.^O^, in dilute hj^drochloric acid, or an aqueous solution of an 
arsenite, K^AsO-j potassium arsenite. 


will give the reactions. 

produces 

in an acid solution, especially on 
gently heating, a lemon-yellow pre- 
cipitate of arsenious sulphide, As^,S.j, 
readily soluble in caustic alkalies, in 
the alkali carbonates and sulphides, 
forming alkali arsenites and sulph- 
arsenites ; it is reprecipitated from 
any of these solutions on the addi- 
tion of dilute hydrochloric or other 
acid. It is almost insoluble in con- 
centrated hydrochloric acid even on 
boiling, but soluble in nitric acid. 
On digesting freshly precipitated 
arsenious sulphide in a solution of 
hydrogen potassium sulphite, HKSO., 
with excess of sulphurous acia, 
the yellow precipitate is dissolved, 
^ and the solution contains potassium 
metarsenite and potassium thiosul- 
phate, after driving off the excess 
of sulphurous acid by evaporation, 
thus : 



Fig. 82 . 


2 As,S?-i- I6HKSO3 = iKAsO, -f + S3 -f 7 SO, -f- 80 H,. 

(NHJ3S, same precipitate, soluble in excess; • 

AgNOg produces from a solution of a neutral arsenite, or from a 
solution of ASgOg in water, rendered neutral by cautiously adding 
ammonium hydroxide, a yellow precipitate of silver arsenite, AggAsOg, 
readily soluble in ammonium hydroxide or chloride or nitric acid. 
The ammoniacal solution of AggAsOg and OAg^„ is decomposed on 
boiling, with separation of metallic silver and formation of silver 
argenate, AggAsO^p thus : 

AgsAsOj + OAg^ = AgjAsO, + Ag,. 

Soluble in Soluble in Soluble in Black 
NILOH. NH4OH. NH4OH. precipitate. 

CUSO4 pi*oduces a characteristic yellowish green precipitate of 
hydrogen cupric arsenite, HOuAsOg (Scheele's green), from a solution . 
of tripotassium ai*senite, readily soluble in ammonium hydroxide ^ 
chloride, or nitric acid. 
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Magnesium sulphate gives no precipitate in the presence of ammo- 
nium chloride. • 

ReinscNs Test — Arsenious oxide and most of its compounds dis- 
solve in HOI, especially when concentrated, AsClg being formed. 
On placing a perfectly clean piece of metallic copper into this, , 
solution and warming, a grey deposit forms on the copper. This 
consists of arsenic or a compound of As and Ou ; Ou. Asg. In a con- 
centrated solution the deposit may be black in colour, and will peel 
off from the copper surface. Antimony is precipitated under similar 
conditions, so it is necessary to confirm this indication by taking the 
piece of copper which has become coated by the supposed arsenic film 
out of the acid solution, drying it by gentle pressure between 
blotting-paper, and then introducing into a perfectly dry test-tube, 
and gently heating over a lamp. If arsenic is present a sublimate 
of arsenious oxide in white crystals will form in the cooler portions 
of the tube. In the case of large quantities some arsenic will 
sublime unoxidised, and form a brilliant black or brown film on the 
glass surface. 

Arsenious compounds exert a powerful reducing action when 
brought in contact with substances capable of parting with oxygen, 
chlorine, &c. This property is more marked in arsenious than in 
antimonious compounds. 

AuClg (auric chloride) produces from an acid solution of As^O^ a 
precipitate of metallic gold, and the reaction is so exact * that the 
amount of arsenic can be determined quantitatively from the weight 
of the precipitated gold. * 

4 AUOI 3 - 1 - 3AsA + 150H, = 6 H 3 ASO, -{- 4Au + 12HC1. 

Chlorine water or compounds capable of yielding chlorine, such 
as a solution of bleaching powder, or of sodium hypochlorite, NaOCl 
(eau de Javelle), oxidise rapidly, thus : 

AsA -f 201, -h 50H, = 2 H 3 ASO, -h 4H01. 

Iodine, dissolved in a solution of potassium iodide, converts a 
solution of ATsg^s excess of hydrogen sodium carbonate into As^O^ 
with formation of an alkali iodide, thus : 

HNa^AsOs -f 2 IINaC 03 + I^ = HNa,AsO, - 1 - 2ISraI + OH, + 200,. 

Chlorine, iodine, and bromine act as oxidising agents by decom- 
posing water or a metallic oxide or hydroxide. They form with the 
hydrogen HCl, HI, HBr, or with a metal the corresponding haloid 
salt, and the oxygen is transferred to the ASgOg. 

Cupric oxide, or cupric salts, in the presence of sodium or potassium 
hydroxide, also oxidise or become deoxidised. On adding to a strongly 

* All chemical reactions are, of course, exact under proper conditions. 
Where a reaction is spoken of as fartiat either the physical conditions are 
not completely known, or more than one path is open for the chemical action 
to proceed along, and under one condition of temperature it may run more in 
one direction than another. In many known cases reactions can be reversed 
by a considerable change of temperature. 
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alkaline solution of tripotassium arsenite a few drops of cupric sul- 
phate, and warming gently, the blue solution deposjjis a red precipi- 
tate of cuprous oxide, Cu^O, and leaves tripotassium arsenate, K3ASOJ 
in solution. (Distinction between As^Og and As^O-.) 

The deoxidising action which arsenious compounds exert upon the 
higher oxides of chromium and manganese has already been described, 
(see “ Chromium *’ and “ Manganese 

B. Jrse/i'ic Oo? 7 ipounds. — An aqueous solution of tripotassium 
arsenate, KgAsO^, is employed. 

SH., gives scarcely any precipitate from an acidulated solution 
of KgAsOp until the solution is heated, and a current of gas 
passed through for some time. It is difficult to effect complete 
precipitation even then. The precipitate consists of arsenious 
sulphide and sulphur. It is preferable to reduce the As^O. first 
to As.,03, by a more powerful reducing agent than SH^, for example 
by sulphurous acid : KgAsO^ + 112803 = Kg AsOg + M,SOj, after which 
sulphuretted hydrogen precipitates the arsenic readily as arsenious 
sulphide. 

AgNOg gives a reddish brown precipitate of triargentic arsenate, 
AggAsO^, soluble in ammonium hydroxide and in nitric acid. 

• CuSO^ produces a pale greenish blue precipitate of hydrogen 
cupric arsenate, HGuAsO^, soluble in ammonium hydroxide and nitric 
acid. 

MgSOj in the presence of ammonium chloride and hydroxide gives 
a white crystalline precipitate of ^Jmmonium magnesium arsenate, 
NH^MgAsO^. (Distinction of As^O. from As^Og.) 

Ee.,Cl^. gives a yellowish white precipitate of ferric arsenate, 
Fe.,(AsOJ.,- Lead acetate gives a white precipitate of lead arsenate, 
Pb3As,Os.“ 

(NH^).,Mo 04 (ammonium molybdate) with excess of nitric acid 
gives a yellow precipitate of ammonium arseno- molybdate. This 
precipitate closely resembles the phosphate one. 

Me^llic copper does not precipitate metallic arsenic from dilute 
acid solutions of As^O^ ; but on adding concentrated hydrf)chloric acid, 
and heating, a grey film of As^Cu^ is obtained. (Distinction between 
As^Og and As^O^.) Some chlorine is liberated, and then attacks the 
Cu, forming copper chloride. 

Arsenic as well as arsenious compounds are capable of oxidising 
some other compounds, and become themselves reduced either to a 
ower stage of activity or to arsenic. 

Sulphurous acid reduces arsenic acid to arsenious acid. 

'Sodium thiosulphate deprives arsenious acid of its oxygen, and 
converts it into As^Sg, thus : 

2As(HO)g + SNa^SPg = As^Sg -f- 3Na,SO, + SOH,. 

AsgOg or ASgOg can be detected in solution by the reducing action 
of hypopbosphorous acid, HPOg, along with SO3, the arsenic becoming * 

ASgSg. 


14 
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To the arsenic solution one or two drops of PCI3 (or a little PI3), 
or hypophosphorous acid itself, is added, and then a few bubbles of 
SO, gas sent through. On warming a yellow precipitate of As^Sg, 
soinetimes with a little sulphur, appears. 

Carbon at a red heat removes the oxygen from both oxides of arsenic, 
— A fragment of arsenious anhydride (white arsenic) is placed in the 
pointed end, a, of a hard glass tube drawn out before the blow-pipe, 
as seen in Fig. 88. A splinter of well dried charcoal is next placed in 
the narrow part of the tube at 6, somewhat above the fragment of 
the ai'senical compound. This charcoal is heated over a gas flame or 
the flame of a spirit lamp. When the charcoal is well ignited a second 



Fig. S3, 


flame is applied to the lower en(f of the tube, in order to volatilise 
the arsenical compound, the vapour of which, on passing over the 
glowing charcoal, is deprived of its oxygen, and metallic arsenic is 
deposited in the form of a shining black mirror on the inside of the 
tube, above the chai^coal at c. The end reaction may be : 

2AsA + 60 = As, + 600,. 

This test is very delicate. Arsenic in arsenites or arsenates is 
liberated by ^mixing perfectly dry charcoal powder, or soda-lime char- 
coal, with the dry substance, previous to its introduction into the 
tube, which may have a small bulb blown at its lower end. The 
sublimation of metallic arsenic is accompanied by the characteristic 
garlic-like odour. 

KOy reduces arsenical compounds — oxides as well as sulphides — 
with formation of potassium cyanate or sulphocyanate. A mixture 
of potassium cyanide with the arsenical compound is heated in a bulb 
tube, a (Fig, 84). Metallic arsenic is deposited at 5. 

The changes are expressed as follows ; 

ASgOg + 6KCy = 6KCyO -f- As,. 

Potassium 

cvanate. 

.2As,S 3 + 6KOy = 6KCyS + As,. 

Potassium 

sulphocyanate. 
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But since commercial potassium cyanide contains potassium C 3 ^an' 
ate, as well as potassium carbonate (its compositibn\iiay be expressed 
as oKCy + KCyO -f xK^,CO.j), a portion only of the arsenic in As^S^ is 
obtained in the metallic form, and a siilpharsenate is formed which 
is not reduced by potassium cyanide. On mixing the arsenious sul- 
phide with sulphur, the whole of the arsenic remains behind in the 
fused mass, as sulpharsenate, and no metallic deposit is obtained. 
(In the presence of sulphides of Pb, Cu, Ag, Au, Ni, Co, Fe — as, e.y., 
of FeS.„ in arsenical pyrites, XiS^, in nickel glance — which are reduced 
to the metallic state by the action of potassium cyanide, scarcely any 
arsenical mirror is obtained, because the liberated metallic arsenic 



would immediately alloy itself with the metals, a portion only of 
the arsenic being liberated.) These changes are expressed by the 
equations : 

(1) oAs.,S.j = SAs^S. + As^. 

(2) lAsX + 12icd03 = 5K3 AsS,+ 8 K 3 ASO, + 12CO,. 

The reduction is conveniently eflected by mixing dry arsenious 
sulphide with one part of potasium cyanide and three parts of sodium 
carbonate, and introducing the mixture into a piece of combustion 
tube, c, drawn out to a capillary tube as in Fig. 85. A slow current 



Fig. 85. 

9 

of carbon dioxide is generated from marble and hydrochloric acid in the 
flask A, Fig. 8 G, and dried by passing through b into the flask B, 
containing concentrated sulphuric acid, and through the delivery 
tube c, over the mixture in tube 0 , heated at first gently, till all the 
moisture has been driven out, and then strongly, almost to fusion — ■ 
when a mirror of metallic arsenic collects in the neck of the drawn- 
q,ut tube. 

The reaction has this advantage, that no antimony mirror is 
obtained by the same treatment. 

In order, however, to avoid missing the arsenic, either altogether 
or obtaining only a portion of it, as stated above, it is preferable to 
treat the arsenious sulphide with a few drops of concentrated nitric 
acid, and to evaporate with a little sulphuric acid (in order to decom-* 
pose any metallic nitrates, if present). The sulphuric acid is next » 
neutralised with sodium carbonate, and the mass thoroughly dried 
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before mixing it with potassium cyanide, and reducing as described. 
The fused mass 'i-etains the antimony, and a good arsenical mirror is 
obtained, provided no lead, copper, or other reducible metals are 
present.* 

J/a?^s/i’s Test , — Arsenious and arsenic acids are both reduced by 
nascent hydrogen, which combines with the oxygen of the arsenical 
oxides to form water, whilst the arsenic in its nascent state, or the 
very moment it is liberated from the oxygen, also combines with 
hydrogen to form a gaseous compound of arsenic, called arsenietted 



hydrogen (arsenious hydride) — ^AsH^. This gas is obtained nearly 
pure by acting with dilute sulphuric acid upon an alloy or compound 
of zinc and arsenic (Zn^As^). The zinc takes the place of hydrogen 
in the acid, and arsenious hydride is liberated, thus : ^ 

As^Zug + - 3ZnSO, + 2 ASH 3 . 

Some other arsenides act in a similar manner. Sodium arsenide 
decomposes on contact with water, liberating AsHg, and also forming 
some As^H^, a brownish solid. Too great care cannot he tahen with 
these arsenic compounds, 

Arsenious hydride is an exceedingly poisonous gas, and the student 
must on no account attempt to prepare it pure. Its properties, for 
qualitative purposes, may he studied equally well in a mixture of the 
gas with much hydrogen. 

All experiments with it must be conducted in a fume chamber 
where a good indraught of air can be obtained. Arsenious hydride 
possesses a very nauseous odour, and burns with a peculiar livid 
bluish flame when the jet of hydrogen containing it is lighted. This 
4s due to the combustion of the arsenic to As^Oa, 

Generate hydrogen in a flask, a, Fig, 87, from pure zinc (free from 
arsenic) and pure dilute sulphuric acid. Dry the gas by passing it 
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over calcium chloride, and connect the dicing tube, b, with a piece of 
hard glass tubing, c, drawn out to a jet. The hydrogen gas may be 
ignited at the jet, as soon as it has displaced the air in the generating 
flask, a, and drying tube, h. It burns with an almost colourless 
flame if the zinc and acid be pure. On introducing a few drops of 
an arsenious or arsenic solution * through the funnel-tube the flame 
is seen to change to blue, and on holding a piece of porcelain {e.g., a 
dish, or the lid of a porcelain crucible) in the flame a black mirror 
or deposit of metallic arsenic is obtained. Or the metal may be 
collected — by heating the glass tube through which the hydrogen 



Fig. 87 . 

-* 


passes — in the form of a metallic ring, d, which deposits within the 
tube immediately in front and in rear of the spot where the glass is 
heated. The hydrogen should not be generated too rapidly, if a good 
ring is to be obtained. 

Several arsenical mirrors may be obtained if a long piece of narrow 
combustion tube. Fig. 88, be employed, which has been contracted in 
severM places by drawing it out in the flame of a blowpipe. Arsenious 
hydride is generated in the flask, «, and passing through b, the 
drying tube, c, and combustion tube, d, issues from the drawn-out 
jet, where it can be burnt. The tube d is heated in one or in 
several places, just before the several drawn-out narrow parts. An 
arsenical mirror is obtained a little beyond the heated part of the 
tube, as seen in Fig. 88. Little or no arsenious hydride need thus 
escape from the jet, especially if a slow cuiTent only of hydrogen be 
generated. 

^ The deposition of arsenic in the tube arises from the decomposition 
of the arsenious hydride, which, at a high temperature, is broken up 
into arsenic, which is deposited, and hydrogen, which passes on and 
burns at the jet. The decomposition which takes place when a cold 
piece of porcelain is lowered into the flame is readily explained if it 
be remembered what takes place when some cold porcelain is held in 
a candle or gas flame. A deposit of soot is obtained (finely divide^ 

* Any considerable excess of oxidising agents, such as nitiic acid, chlorine, ’ 
&c., should be avoided. The same holds good for the preparation of SbH.. 
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carbon from the hydrocarbons), because the combustion is disturbed, 
and the temperature of the flame suddenly lowered. The gas can 
only burn where it is in contact with the air — ix., on the outside. 
The arseiiious hydride, on passing through the inner portion of the 
flame, is decomposed by the heat into arsenic vapour and hydrogen 
gas ; the latter escapes through the outer portion of the flame, and 
is burnt, arsenic being deposited on the cold porcelain surface. The 
decomposition of arsenious hydride takes place, even if very little of 
the gas is mixed with much hydrogen gas. Marsh’s test is, therefoi^e, 
extremely delicate. 



FiO. 88. 


It is absolutely necessary that both zinc and sulphuric acid be 
tested first. This is done by generating hydrogen, and allowi^ the 
gas to escape by itself for some time through the ignited combustion 
tube. ^ 

Care should also be taken to avoid introducing nitric acid, since 
arsenious hydride is readily decomposed by this acid. It is therefore 
preferable to dissolve arsenical compounds in hydrochloric acid, with 
the addition of a few small crystals of potassium chlorate, and to heat 
gently till no more chlorous odour is observable. 

The metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenious hydride, called antimonietted hydrogen 
(antimonious hydride), SbHg. It is prepared, though not in a pure 
condition, by acting with dilute sulphuric or hydrochloric acid upon 
an alloy of zinc and antimony, thus : 

Sb,Zn3 + = BZnBO, + 2SbH3. 

It is obtained mixed with much hydrogen by introducing into a 
^hydrogen apparatus a few drops of an antimony solution (SbCljj, 
iLSbO^, or tartar emetic). The greater part of the antimony, how- 
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ever, remains behind, }>recipitated as metal, with perhaps some solid 
hydride, Sb.,H„ on the zinc. The hydrogen flam^ turns at once 
bluish green, and white fumes of antinionious oxide, Sb/3^, ascend 
into the* air. The gas has no particular odour, but is decidedly 
poisonous. On depressing a cold piece of porcelain into the flame 
metallic antimony is deposited, and on heating the combustion tube, 
as in the case of the arsenic experiment, the gas is likewise decom- 
posed into metallic antimony, which collects in the narrowed portions 
of the tube and forms a dull black mirror, and hydrogen, which 
escapes and can be burnt at the jet. 

Since both arsenic and antimony produce a metallic mirror, such 
mirror may be due to either metal or to a mixture of the two metals 
(in which case, however, the more volatile arsenic is deposited further 
away from the flame, and a part of the antimony is found behind 
the spot where the glass tube is heated). Further experiments must 
be made in order to distinguish the arsenic from the antimony in the 
mirror itself. 

This can be done very readily : 

1 st. By adding to the mirror obtained on cold porcelain a con- 
centrated solution of bleaching powder, or of sodium hypochlorite 
(eau de Javelle) ; or by simply exposing the miriw to chlorine gas, 
the arsenical mirror is speedily dissolved ; antimony only after some 
lengthened exposure, thus : 

As, + 3H,0 -f 5NaOCl ^ 2 H 3 ASO, + 5NaCl. 

2nd. By passing a very slow current of dry sulphuretted hydro- 
gen through the glass tube containing the arsenic and antimony 
mirror, and applying a gentle heat. The metals are converted into 
sulphides — arsenic into lemon -yellow arsenious sulphide, and anti- 
mony into a black or parj:!/ orange-red antimonious sulphide ; and, 
if both metals are present, the two sulphides appear side by side, 
the former somewhat in front of the latter, arsenious sulphide being 
the more volatile of the two. On passing next a current of dry 
hydrochloidc acid gas without the application of heat,*antimonious 
sulphide disappears entirely, being converted into antimonious 
chloride, which volatilises in the current of hydrochloric acid gas, 
and may be passed into water and tested for by means of sulphuretted 
hydrogen. Arsenious sulphide remains unafiected, even if the hy- 
drochloric acid gas be passed over it for some time. The residuary 
arsenious sulphide dissolves readily in hydrogen ammonium carbonate. 
HNH.CO,. 

Antimonious and arsenious hydrides can, moreover, be distin- 
guished from each other by passing them slowly into a solution of 
silver nitrate, which, acting the part of an oxidising agent, con- 
verts arsenious hydride into arsenious acid, thus : 

AsH, + GAgNO, + 30H, = 6Ag -f- H3ASO3 + 6 HNO 3 . 

Antimonious hydride is not acted upon like this. *The oxidation 
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extends only to the hydi'ogen, and not to the antimony, silver taking 
the place of theTiydrogen, thus : 

SbH3 + 8AgN03 = SbAg3 + 3HNO3, 

Black precipitate. 

The arsenions acid is separated by filtration from the insoluble 
SbAg 3 and Ag. On cautiously adding to the filtrate a dilute solution 
of ammonium hydroxide a yellow precipitate of triargentic arsenite 
is obtained, where the two layers of the ammonium hydroxide and 
acid solution meet. 

The residue is boiled with a solution of tartaric acid, when the 
antimony compound is acted upon with formation of soluble anti- 
monious tartrate (?), silver being left behind. Filter ; acidulate the 
filtrate with dilute hydrochloric acid, and pass sulphuretted hydrogen. 
An orange precipitate indicates antimony. Another method of de- 
tecting the antimony consists in digesting the SbAg 3 with yellow 
ammonium sulphide, when the Sb is dissolved out as sulphantimonite, 
and can be separated from the filtered solution on addition of HCl 
as Sb^jSg. 

The hydrogen from A1 and KUO can also be employed for 
Marsh's test, but this must also be tested beforehand. 

Another exceedingly delicate reaction for arsenic depends on 
the facility with which it forms compounds with organic or carbon 
radicles — viz., methyl, CH 3 , or ethyl, CgH.. A very small piece of 
an arsenious compound when headed in a dry tube with a little dry 
sodium acetate becomes reduced to metallic arsenic, which unites 
with the methyl groups of the acetate, forming cacodyl : 

As(OH^)^ tetramethyl diarsenide, a most minute quantity of which 

may be recognised by its disagreeable odour. 

Electrolytic hydrogen was suggested {Chem. JSoc. Journal, 1801) 
instead of using zinc for Marsh’s test. The platinum battery- 
terminals are introduced into the liquid to be examined, ^d the 
hydrogen collected and tested as by Marsh’s test. 

It is valuable in chemico-legal investigations where absolute 
purity of reagents is necessary. 

An electrolytic method (see Gliem, Soc. Jorn^nal, 974, 1903) 
has been devised for the detection of minute quantities of arsenic 
contained in foods or any organic preparations. Fig. 89 shows 
the arrangement of the apparatus. A is a glass vessel with neck 
ground to fit. Through the neck passes a platinum wire, to which 
the cathode, B, a cone of perforated platinum foil, is attached. The 
vessel A dips into a porous jar, 0 ; outside and at the base of the 
porous jar is a ring of platinum foil, D, connected to the anode. 
These stand in a cylindrical glass vessel, in which is dilute sulphuric 
acid (one acid, seven water). 

The outer vessel is to contain cooling water, so that the temperature 
^ should be kept below 50°. From the neck of A a tube rises and con- 
nects with the drying tube, E, one end of which is closed by a tube 
stopper, and the other is drawn out to attach to the Marsh tube 
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of hard glass in which the gas is heated to decompose the AsH^. 
The dx’ying tube contains fine granular calcium chloride between 
loose plugs of cotton-wool, and also small rolls of lead acetate paper 
— one where the gas enters the drying tube and one in front of the 
calcium chloride. This is to retain any SH,. 

‘^The apparatus employed has an apparent resistance of 1*4 ohms, 
with 7 volts potential difference betTveen ends of pole wires on a 
current of 5 amperes. This gives about 40 c.c. hydrogen per minute, 
which furnishes a steady flame of about 2 cm. height.” 

In working the connections are aiTanged so that the current passes 
from D through the porous cell, C, to the platinum cone, B. 30 c.c. of 



the dilute acid are placed in D, and 20 run into the cell through the 
tap funnel, the stem of which must contain liquid. 

At this rate of evolution the apparatus is filled with hydrogen 
in abeiut ten minutes, when the hydrogen may be lighted and the 
Bunsen flame under the tube started. If no brown deposit takes 
place in fifteen minutes the apparatus and acid may*be considered 
free from arsenic, and the liquid to be tested is then run in through 
the tap funnel. Should the solution contain organic substances it is 
liable to frothing, to prevent which one or two c.c. of amyl alcohol 
are previously run into the vessel. At the end of thirty minutes 
the whole of the arsenic will, as a rule, have been evolved and 
deposited in the heated tube (see Marsh process, which has then 
to be melted off and sealed up, still full of hydrogen, thus : The 
stopper of the tap funnel is opened, and a small blowpipe flame 
applied to the Marsh tube between the flame jet and the deposit. 
When the tube has melted the end is drawn off. The current is 
now disconnected, and the tube melted and drawn off just on the 
other side of the deposit. The sealed tube, with its arsenic deposit, 
will be 4 to 5 cm. long, and can now be mounted on a white papeii 
card for reference or comparison with standard deposits prepared ♦ 
from known quantities of an arsenic compound. 
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(i) GOLD, An' and — Gold is generally found in the metallic state, 
and is then readily recognised by its colour, malleability, and other 
physical characters. In small quantities it occasionally accompanies 
metallic sulphides, and is found in some quantity in combination 
with tellurium. Pure gold is pale yellow in colour and exceedingly 
soft, being the most ductile and malleable metal. It is not affected 
by air, water, or any single acid, with the exception, perhaps, of 
Nordhausen sulphuric and selenic acid, HgSeO^, at any temperature. 
It is, however, rapidly acted upon by chlorine, or bromine, or by 
mixtures of acids which liberate either of these substances (aqua 
regia), and is dissolved by alkali cyanides in presence of air, a double 
auri-alkali cyanate being formed. It unites very readily with 
mercury, forming a white alloy or amalgam. It also alloys with 
most other metals, some of which have a great effect on its colour 
even when in small quantity — 6.y., palladium, arsenic. Gold may 
be obtained in an exceedingly finely divided condition either by 
hammering into gold leaf, or, better, by reducing it in the metallic 
condition from its salts. In the latter case it may be obtained so finely 
divided as to suspend in water for months or even years, forming a 
red or blue solution, depending on the nature of the reducing agent 
employed. This is well shown by passing a few bubbles of PHg into 
a very dilute solution of AuOlg. It can also be obtained as an almost 
black powder. 

Its atomic weight = 196*2. Relative weight, 19*32. Melting-point, 
about 900® C. When melted ii^gives out a greenish light, almost 
complementary in tint to its colour in the solid state. 

It forms two series of compounds, aurous and auric. 

Experiments. 

I. Gold leaf contains a little silver, but is most convenient for 
experiments. 

Heated in a tube either in air or vacuum, it melts without change. 
A piece of gold leaf will melt into the glass of a test-tube. When 
looked at it is yellow ; when looked through it appears green. 

II. Sulphur has little or no action on pure gold, but gold leaf 
generally becomes a little duller. 

III. Single acids, as HCl, HNOg, have no action. 

KHO and NaHO have no action either in solution or when 

fused. 

A mixture of HOI and HlSTOg, which evolves chlorine or nitrosyl 
chloride, dissolves it, forming a yellow solution of AuClg, which on 
very careful evaporation leaves a yellow deliquescent solid, AuChj^ 
which on very moderate heating decomposes into the metal and 
free chlorine. 

Dry Reactions. 

When heated on charcoal with sodium carbonate and borax in 
the reducing fiame, gold compounds yield a yellow, very malleable 
r globule of metallic gold. 

To detect gold in argentiferous minerals in which it is present 
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only in minute quantities, and associated with large quantities of 
other non-volatile metals, the powdered mineral is fused with boi*ax 
and metallic lead, and the metallic ‘‘ button ’’ cupelled, as will be 
described -under silver. The globule of wEite metal w^hich is left on 
"‘the cupel is beaten out, and the silver dissolved by digesting with a 
little nitiac acid. The silver nitrate is poured off, and the gold 
washed wdtli distilled water. The black insoluble residue is once 
^ more fused on charcoal before the blowpipe, when it assumes the 
w^ell -known appearance of fine gold. 

Old, and sometimes new, silver coins frequently contain a small 
quantity of gold, which, on dissolving in nitric acid, is left as a black 
powder. 

When an insufficient quantity of silver is present in the button ’’ 
(see above) (which may be inferred from its pale yellow colour), from 
two to four times its own weight of silver should be fused up wuth it, 
and the button so obtained beaten out and then treated with nitric acid 
in order to separate or part ” the gold.— Method of assaying gold. 

Reactions in Solution. 

Gold when unalloyed is soluble with ease in aqua regia only, 
forming a solution of auric chloride, AuCl^, which may be employed 
for studying the reactions in solution. 

SHo (group reagent) gives from a cold solution a black precipitate 
of auric sulphide, AUgSy, from a boiling solution a brownish preci- 
pitate of aurous sulphide, Au^S. These precipitates are insoluble 
in hydrochloric and nitric acids, bu? dissolve in aqua regia. They 
are likewise insoluble in normal ammonium sulphide, but soluble, 
although with difficulty, in the yellow sulphide, more readily in yellow 
sodium sulphide, with which they form a sulpho salt, Na^AuSg. 

(NHJgS and sodium thiosulphate, same precipitate. 

KHO, or NaHO, produces no precipitate. 

NHpH produces from a concentrated solution of auiic chloride 
a reddi^i yellow precipitate of ammonium aurate or fulminating 
gold, (NH3 )^Au 203, thus : 

2AUCI3 4- 8NH,OH = + GNH^Cl 

The detection of gold is attended with no difficulty, owing to the 
facility with which its compounds generally are reduced" to the metallic 
state. Gold has little affinity for non-metallic elements ; the com- 
pounds which it forms with them are readily broken up by^ heat 
alone, or on being brought into contact with bodies which have more 
affinity for the metalloids, leaving metallic gold in a finely divided 
condition as a brown powder, which acquires metallic lustre when 
dried and rubbed in a mortar. Hence auric chloride is a powerful 
oxidising agent, as has already been seen under tin, antimony and 
arsenic. The same oxidising action is called into play when AuClg 
comes together with solutions of sulphurous or oxalic acids, ferrous 

• 

* This substance is explosive when dry. It may be a salt of auric acid or 
a hydrated amino compound. 
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sulphate, ox^ chioiude, cupi*ous chloride, dissolved in hydrochloric acid, 
mercurous nitmte, potassium nitrite, sugar in an alkaline liquid, 
and most other organic substances the epidermis). Arsenious, 
antimonious, and phosphorous hydrides, and even fi’ee hydrogen, 
decompose AuCl^. 

The following equations express these changes : 


(1) 2AUCI3, when ignited splits up into Auo 

(2) Au,S3 


(4) 2 AUOI 3 + SHoGA 

(5) 2 AUCI 3 + 6 FeCl 2 

(6) 2AUGI3 + 4FeS04 + OH.2 

( 7 ) 2AUCI3 + SCUgClo 

(8) 2AnCl3 + 3Hg„(l?03)„ 

(9) 2AnCl3 + 3 KNO 2 + 30H„ 

(10) 2AuCls + 2 ASH 3 + 30H," 

(11) 2AuCL + SbH, 


*2 ■f" 

Au .2 + S 3 . 


(2) AU2«3 m „ „ Au.2 + «s. 

( 3 ) 2AUCI3 + 3H2SO3 + 3OH2 = Aug + 3H2SO4 

( 4 ) 2 Au 01 o -f* 3 HoCoOy< = Au.:i - 4 - 6CO0 


+ 6HCL 
+ hHOl. 


Au 2 -h 6 CO 2 
AU2 3F62C16. 

AU2 "f* Fe2Clg "f* F62(^C4)3 "h R2®^4’ 
Aug -h <3Cu01o. 

Aug + 3 Hg(N 03)2 
Aug + 3 KNO 3 


: AUo + 2 H 3 ASO 3 


+ SHgCh. 
+ 6HCL “ 


In the analysis of a solution containing gold it is usual to remove 
the gold in the metallic state, by boiling with oxalic and hydrochloric 
acids, before passing The precipitated gold is collected on a 

filter and fused into a button on charcoal. 

There are several other metals also in this group which are 
removed similarly before continuing the analysis. 

Gold is precipitated from a hydrochloific acid solution of AuClg 
by most metals, even by Pt, Ag, and Hg. 


PLATINUM, Pt" and Atomic weight, 1 94 ; relative weight, 21 ‘50. 
Melting-point, 1685"^ 0. — This metal is found native, but more 
frequently alloyed with other metals. The colour of platinum is 
somewhat between that of tin and silver, being whiter than tin but 
not so white as silver, or nearly so brilliant. It has about the same 
hardness as copper, and is eminently ductile and malleable, but 
somewhat inferior to gold in the latter property. It is much less 
readily acted upon than gold, either by halogens or acids, and does not 
amalgamate with mercury, but is corroded by fused caustic alkalies 
(NaOH and^’KOH). It is a bad conductor of heat and electricity, 
and is characterised by its infusibility before the blowpipe and 1 * 6 - 
sistance to the usual fluxes. Sulphur has a slight action on platinum 
when not heated much more than about 500°. Se, Te, and P com- 
bine very rapidly, and nearly all metals melt with it more or less 
easily, ^me, as Na, Sn, As, Sb, Pb, attack it vigorously, forming very 
fusible compounds or alloys. Its reactions in solution need, therefore, 
only be examined. It forms two well characterised series of salts^ 

Unalloyed platinum is not attacked by either nitric, hydi'ochloric, 
or sulphuric acid, but by aqua regia, with formation of platinic 
chloride, PtCl^.* The action is slower than with gold. A solution 
of this salt is employed for studying the reactions of platinum. 

* When alloyed with silver, zinc, cadmium, and some other metals, and 
these alloys are treated with nitric acid, some platinum is dissolved along 
^ with the other metals. The amount dissolved varies with the metal, and the 
amount of platinum in the alloy. 
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SH., (group agent) slowly produces a dark brown precipitate of 
platinic disulphide, PtS,. On heating, the precipitf^te forms more 
quickly. It is insoluble in nitric or hydrochloric acid, soluble in 
aqua regia, difficultly soluble in normal ammonium sulphide, more 
' speedily in the yellow sulphide, with which it forms a sulpho salt, 
{NHJ.>PtS 3 . Heated out of contact with air, it is decomposed into 
PtS and S. 

(NHJ.,S, same precipitate. 

’ ' NH^Ci produces a light yellow crystalline precipitate of ammo- 

nium platinic chloride, 2NH^01,PtCl^. From dilute solutions a pre- 
cipitate is obtained only after evaporation to dryness (on a water- 
bath). The precipitate is somewhat soluble in water, insoluble in 
alcohol. (See “Ammonia,” atiie.) 

KOI produces a yellow crystalline precipitate of potassium platinic 
chloride, 2 K 01 ,Pt 0 l 4 , analogous in its appearance and properties to 
the precipitate just described. (See “ Potassium,” ante,) 

NaCl forms with platinic chloride a double chloride, which is, 
however, soluble in water, and is obtained in needle-shaped crystals 
by evaporation. 

The precipitate produced by platinic chloride with NH^Cl and 
KOI serves for the detection and isolation of platinum, and, vice 
versd, for the detection of ammonium or potassium compounds. 

PtOl^ is useful on account of the compounds which it forms with 
the chlorides of the alkali metals and with the chlorides of many 
organic bodies, e.g,, the so-called alkaloids, such as quinine, nicotine, 
&c., and amido bodies or bases generally.* 

Platinum is capable of forming a lower chloride, platinous chloride, 

^ 'Tt'^Olg. This salt is obtained by heating platinic chloride for some 

* That is, compounds in which the group NHq is combined with a more 
or less complex carbon compound. The double salts with PtCb are very 
characteristic compounds. Whether they arise from the energy of the 
platinum atom or are a consequence of a rise in valency on the part of the 
halogen is not yet clearly settled. PtCl4 is difficult to get perfectly pure. 
The ordmary solution is acid, and probably consists of PtCl42HCl, chloro- 
platinic acid. A constitution as represented by the plan 

K 

>-f\ 

01 Pt— Cl 

. I I 

^--•Cl— 01— K 

is not at all unreasonable for the potassium salt, as there is plenty of evidence 
of j;he halogens acting as triad elements, as in IOI3 and many other cases. 



The compound (NH4)2PtS3 is also probably of a similar type to the ohloro- 
platinates : 

H4NS — Pt — S— 1 ;^H 4 
II 
S 
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time in an air- or oil-bath up to 240° 0., as long as any chlorine is 
evolved ; or by acting with sulphurous acid upon a solution of platinic 
chloride, until the latter ceases to give a precipitate with ammonium 
chloride. PtCL, is a greenish grey powder, insoluble in water, but 
soluble in hydrochloric acid. 

Several reactions fur platinum in solution are based upon the power 
which its salts possess of oxidising compounds which are chemically 
unsaturated ; but as platinic salts are not so easily reduced as gold 
salts, a solution of the latter metal is generally preferred, iiter 
what has been stated under “ Gold,” the following reactions will be 
readily understood : 

PtOl^ produces with SnCP only a dark brownish red colour, owing 
to the reduction of the platinic to platinous chloride and formation 
of a platinous tin chloxide, PtOl 22 SnCl 2 = 

Sn 


/ \ 
Cl Cl 

I i 

Cl-Pt-Cl 

1 I 

Cl Cl 



PtCl^ is reduced by PeSO^ only after long-continued boiling. 

PtCl^ is reduced to platinum by formic acid, HCO^H, on heating, 
if the free acid be neutralised with sodium carbonate. 

Metallic zinc precipitates metallic platinum. 

PtClg is very readily reduced to metallic platinum by FeSO^ and 
other reducing agents, as oxalates, and is used in photography for 
this reason. 

Hydrazine sulphate precipitates Pt from acid solutions. 

PtCl^ is soluble in PtCI^ solution, and gives it a very dark colour. 

Whenever platinum and gold are contained in a solution together 
with other Petals of Group II. it is preferable to remove the gold, 
by means of oxalic acid (which does not reduce platinic chloride), 
before removing the platinum by evaporation with ammonium 
chloride. . 

Gold salts, and sometimes salts of platinum and related metals, 
are employed in photography for toning ” or imparting a pleasant 
colour of a more or less permanent character to photographic prints. 
The main part of the image in a silver print or on a negative is 
metallic silver. On contact with the gold solution this becomes 
first coated with gold and after some time completely replaced by 
that metal, the silver dissolving. The colour of the print depends 
on the stage of completion of this action. 



REACTIONS OF THE METALS OF GROUP 11. 223 


Separation of the metals arsenic, antimony, and tin, whose 
sulphides are soluble in yellow ammonium sulphid^e, or in sodium 
hydroxide. 

The precipitate produced by the group reagent is soluble in yellow 
ammonium sulphide, or in sodium hydroxide, and may consist of 
three sulphides. If the precipitate be of a dark brown colour, 
stannous sulphide is indicated ; if it be of a fine lemon-yellow 
colour, the presence of arsenious or stannic sulphide ; and if orange- 
coloured, antimony. 

The three sulphides are unequally soluble in hydrogen ammonium 
carbonate. As.^S^ dissolves freely, SnS., very slightly, and Sb.,S.^ is 
all but insoluble. On digesting, therefore, the precipitate with 
hydrogen ammonium carbonate and filtering, arsenic is obtained in 
the filtrate, and the antimony and tin are left in the residue. In 
order to separate the remaining two metals, the antimony may 
be partly converted into antimonious hydride — ^tin not forming a 
gaseous compound with hydrogen. For this purpose the two sul- 
phides are dissolved in hydrochloric acid well boiled to expel SH.,, 
and the solution of the mixed chlorides introduced into a Marsh’s 
apparatus. Antimony is detected by the metallic deposit which 
antimonious hydride gives on porcelain, insoluble in NaOOl. Tin with 
some of the antimony is found in the generating flask deposited on 
the strips of zinc as a greyish black metal. It is removed from the 
undissolved zinc, dissolved in hot hydrochloric acid (by the aid of a 
little platinum foil), and the solution tested with mercuric chloride. 
A white precipitate of mercurous chloride, Hg.,Cl.„ indicates the 
presence of tin. 

The separation of arsenic, antimony, and tin may thus be based 
upon : 

1st. The solubility of As^Og in hydrogen ammonium carbonate. 

2nd. The formation of antimonious hydride. 

3rd. The precipitation of tin by metallic zinc. 

Several other methods of recognising and separating the metals 
tin, antimony, and arsenic will readily suggest themselves, such as 
the one which is based upon : 

1st. The precipitation of arsenic and antimony in the form of 
sulphides, by boiling a hydrochloric acid solution of the three metals 
with sodium thiosulphate, tin remaining in solution. 

2nd. By boiling the precipitated As^S 3 and Sb^Sg with hydrogen 
potassium sulphite and sulphurous acid; As^Sg is converted into 
potassium metarsenite, Bb^Sg remains undissolved. 

A third method consists in : 

1st. Removing the As^Sg by boiling with hydrogen ammonium 
carbonate. 

2nd. Solubility of SnS in oxalic acid, Sb^Sg being insoluble. 

Dissolve the sulphides of tin and antimony in a little strong 
hydrochloric acid, with the addition of a crystal of potassium chlorate, 
evaporate the solution till free from chlorine, make it slightly alka-^ 
line with NaOH, and add a cold strong solution of oxalic acid, when ' 
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the white precipitate thrown down by the NaOH easily redissolves. 
Pass sulphuretted hydrogen through the solution till no more anti- 
mony sulphide*" comes down ; filter, and wash the precipitate with 
sulphuretted hydrogen water. Add to the filtrate some dilute hydro- 
chloric acid, and pass sulphuretted hydrogen for some time ; a yellow 
precipitate indicates the presence of tin. 

A fourth method of recognising arsenic, antimony, and tin is 
based upon : 

The introduction of a solution (in HOI by the aid of KCIO 3 ) of 
the three sulphides into a hydrogen apparatus, and passing the 
evolved arsenious and antimonious hydride through a solution of 
silver nitrate ; the tin remains behind precipitated on the zinc. 

The solubility of the precipitated SbAgg, in tartaric acid, and 
precipitation of the antimony by means of sulphuretted hydrogen 
from a hydrochloric acid solution. 

The precipitation of the AggAsOgfrom the silver nitrate solution 
by means of ammonium hydroxide. 

A fifth method of recognising the metals of Group II. b depends 
upon : 

1st. The insohibility of As^Sg in strong hydrochloric acid, Sb^Sg, 
SnS, and SnS^ being dissolved. The presence of arsenic is confirmed 
by fusion with potassium cyanide and sodium cai'bonate. 

2nd. The precipitation of the antimony on platinum by means of 
a strip of metallic zinc ; a black stain indicates antimony. 

3rd. Dissolving the tin precipitated on the zinc in warm dilute 
hydrochloric acid, and confirming it by means of mercuric chloride.^’ 

A sixth method depends upon : 

1st. The removal of the arsenic from a precipitate of the three 
sulphides by hydrogen ammonium carbonate. 

2nd. The precipitation of the antimony from a solution of the 
two chlorides by means of pure iron wke, the antimony being sepa- 
rated in the metallic state. The tin remains in solution as dichloride. 


* See also Table II. 
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REACTIONS OF THE METALS IN GROUP I. 

This group comprises the metals silver and lead and meicury in the 
form of mercurous compounds which are precipitated from solutions 
by dilute hydrochloric acid. 

(1) SILVER, Ag' — atomic weight — 107*67, relative weight 10*53, 
melting-point about 954° 0. — is sometimes found in the metallic state 
in crystals, often on ‘‘ native copper ; also as sulphide in silver 
glance, SAg.„ and in combination with antimony, as sulpho salt in 
the dark red silver ore (pyrargyrite), Ag,^SbS. 5 ; with arsenic as 
silver sulph-arsenite, in proustite, Ag 3 AsS 3 ; as chloride, AgCl, in 
horn silver and other ores. Many lead ores, as galena, PbiS, contain 
small quantities of silver. 

The colour of metallic silver is white, with a decided red tint, as 
seen by repeated reflections from the sui’face. 

It is slightly volatile in a stream of air when very highly heated, 
and dissolves oxygen when melted, which it gives up again on 
solidifying. Air and water have no action, but ozone slightly oxidises 
it. Nitric and sulphuric acids dissolve silver, the latter only when 
heated. Hydrochloric has only a superficial action. Sulphur com- 
bines with the metal directly and very easily ; most of the tarnishing 
of silver articles is due to sulphur compounds, especially SH^, in the 
air of towns. Many other sulphides also give up their sulphur to 
it. Its salts with the halogens are very sensitive to light, becoming 
reduced more or less to lower states of combination. 

Some of the salts of silver are reduced by free hydrogen being 
passed through their solutions. All are reduced to metal under the 
action of nascent hydrogen. 

The chief employment of silver is for coinage, which is generally 
an alloy of silver and copper. Silver plate also contains copper. 
Electro-plated articles have a layer of pure silver deposited on their 
surfaces by galvanic action, the solution employed being, generally, 
one of potassium silver cyanide. Silver will form either definite 
alloys or mixtures with most other metals. 

Experiments. 

T. Silver wire and thin sheet melts easily in a glass tube, and ' 
leaves a yellow stain on the glass. Otherwise no chapge. 


15 
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«1I. Heated with sulphur, the two combine quite energetically, a 
grey-black crystalline sulphide, Ag^S, forming, which melts easily, is 
soft and marks paper. The metal generally glows at the moment of 
combination. 

III. HOI has only a slight surface action, scarcely noticeable. 

H.,SO. when strong and hot dissolves it, slowly forming Ag^SO^ 
and evolving SO^,. 2Ag+2H2SO^ = Ag^SO^ + SH^O-l-SO^. The sul- 
phate is not very soluble in water, and easily crystallises. It bears 
a high temperature without decomposition. 

HNO3, even when rather dilute, dissolves the metal easily ; very 
strong acid not so rapidly. Oxides of nitrogen are liberated and 
AgHO^ formed, which crystallises. 

Alkalies have no action, but ammonium hydrox?Cde dissolves the 
oxide and many, if not all, its salts. 

Mercury very rapidly dissolves, or amalgamates the metal. 

Dry Reactions. 

Pkce a small quantity of powdered silver glance, or the sulphide 
made in Experiment II., towards the middle of a hard glass tube 
(combustion tubing of about ^ in. internal diameter, cut with a 
sharp file into lengths of 5 to 6 ins. answers best). Heat the pow-. 
der gradually by moving the tube about in a Bunsen gas fiame, and 
lastly heat it strongly towards the centre. By holding the tube in a 
slightly slanting position a current of air is made to pass over the 
ignited sulphide ; the sulphur becomes oxidised and is carried ofi’ as 
sulphurous anhydride, readily recognisable by its pungent odour. 
Metallic silver is left, together with a little silver sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), w^hich are frequently present in pyritical silver ores, are 
likewise oxidised, but are to a great extent deposited as As^Og and 
BbgOg in the cool part of the tube. 

Mix a little of the finely powdered silver glance (or of the roasted 
ore) with, sodium carbonate, and heat upon charcoal under the 
reducing flame of the blowpipe. A globule of bright metallic silver 
is left. ^ 

Silver ores which contain no other fixed element but silver are 
reduced on charcoal to the metallic state by a simple fusion with 
sodium carbonate. Antimony and arsenic, if present, are readily 
volatilised as metals before the reducing flame. The sulphur com- 
bines with the alkali metal. 

Silver ores which contain non-volatile metals, such as copper, 
iron, (fee., as in argentiferous fahl ore, and from which the metal 
silver could not be eliminated before the blowpipe flame, are treated 
in the following manner : 

About TOO grm. of the finely powdered ore is mixed with its own 
bulk of powdered borax glass, wrapped up in a small piece of assay 
lead,^ introduced into a cavity made in a good piece of charcoal, 
^nd fused under the reducing flame of the blowpipe, at first gently, 
and afterwards more strongly. The heat is kept up till the whole 
* Lead free from silver, prepared from lead acetate. 
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mass bas resolved itself into a metallic button and a clear glassy 
borax bead, which does not adhere to the charcoal. Should the 
metallic button, on cooling, present a dull grey surface, indicative of 
the presence of antimony, it is next heated in the oxidising flame, 
* until, on cooling, it shows a bright surface. It is then detached 
from the borax, cleaned by a blow with a hammer, and carefully 
cupelled on some bone-ash pressed into a shallow cavity in a piece of 
charcoal, the surface being made smooth and thoroughly concave 
with the round end of a pestle. The button is thoroughly freed 
from borax, placed in the cupel, and heated in the oxidising flame. 
The lead is oxidised and absorbed by the porous bone-ash, forming a 
mass of fused litharge around the metallic bead. If one cupellation 
does not yield a brillialat white globule of silver — i.e., if the copper 
has not been entirely removed, a fact which is indicated by a black 
colour, instead of a pale yellow colour of the litharge, in the cupel — 
the cupellation of the button must be repeated in a fresh cupel, and 
the button, if necessary, remelted with a small quantity 
of assay lead. The silver, not being an oxidisable 
metal, is obtained in the metallic state. 

Very small quantities of silver may be separated 9 q^ 

from lead (as well as from other metals) by cupellation. 

Fuse some finely powdered argentiferous galena, PbS,BAg 2 , on 
charcoal before the reducing flame of the blowpipe, either alone or 
with sodium carbonate. A bead of an alloy of much lead and very 
little silver is left. Expose this bead on a small cupel (Fig. 90) to 
the oxidising action of the blowpipe %ame. The lead is oxidised and 
absorbed by the cupel, metallic silver being left. ‘ 

Chloride of silver may be heated on charcoal with sodium car- 
bonate, when a bead of metallic silver will be left, thus ; 


2AgCl + Na ,003 == 2Na01 4- CO, 4- O -h Ag,.* 

Reactions in Solution. 

For the reactions of silver in solution silver nitrate, AgNO^, dis- 
solved in water, is employed. « 

HCl (group reagent) and soluble chlorides (NaOl, &c,) give a 
white curdy precipitate of silver chloride, AgCl, which turns violet 
on exposure to light. The precipitate is insoluble in water and 
dilute acids ; slightly soluble in concentrated nitric acid ; readily 
soluble in ammonium hydroxide, potassium cyanide, and sodium thio- 
sulphate ; soluble also to a considerable extent in concentrated hydro- 
chloric acid and in strong solutions of alkali and other chlorides, f 
more particularly when heated — lithium chloride dissolves more than 
any other alkali chloride — whence the dissolved silver chloride is, 
however, reprecipitated on dilution with water. 


* The oxygen represented in this equation combines, of course, with tiie 
carbon of the charcoal. 

t Silver haloids and cyanide form what are in- ignorance termed double ” 
salts with many other metallic haloid compounds. It is very likely due to a 
rise in valency of the halogen. Cyanogen can also change its valency. 
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Collect the precipitated and washed AgCl on a filter and dry in 
an oven or om a sand-bath. Fuse a portion of the dry salt in a 
porcelain crucible over a small gas flame. The white powder fuses ; 
it undergoes a physical change only, and leaves on cooling a hard 
translucent mass, called horn silver. 

Place a small piece of zinc on the fused silver^ and add a 
drop "of dilute hydrochloric acid and a little water. The zinc removes 
the chlorine and leaves metallic silver. The same action takes place . 
when the white curdy precipitate of silver chloride is brought in 
contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver 
residues. 

NaHO, or KHO, precipitates silver hydroxideJ%gHO, in the form 
of a brown powder, which on ignition gives off oxygen and water, 
leaving metallic silver. 

(NH4OH), when gradually added, precipitates silver hydroxide, 
readily soluble in excess. 

SHg precipitates black silver sulphide, SAg^>, from acid solutions, 
insoluble in dilute acids, in alkalies, alkali sulphides, and potassium 
cyanide ; readily soluble in dilute boiling nitric acid, with separation 
of sulphur. 

HI or KI gives a yellowish precipitate of silver iodide, Agl, 
Insoluble in dilute nitric acid and almost so in ammonium hydroxide 
(distinction between AgCl and Agl). 

HBr or KBr gives a yello^vY-ish white curdy precipitate of silver 
bromide, AgBr, insoluble in dilute nitric acid ; difficultly soluble in 
ammonium hydroxide ; readily soluble in potassium cyanide or sodium 
thiosulphate, or potassium iodide. 

HOy or KCy gives a white curdy precipitate of silver cyanide, 
AgCy, soluble in excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonium hydroxide, but reprecipitated by dilute 
nitric acid ; soluble in sodium thiosulphate. The precipitate is 
decomposed by concentrated boiling nitric acid ; it is decomposed 
also when heated by itself in a porcelain crucible, to paracyanogen, 
metallic silver, and cyanogen gas (distinction from AgCl, Agl, and 
AgBr). 

On placing a bright and clean strip of copper into a solution of 
silver nitrate, the copper becomes rapidly covered with a lustrous 
coating of metallic silver, and the solution, after a time, gives no 
precipitate with hydrochloric acid. The silver is deposited on the 
copper in the metallic state, and the solution contains now Cu(N03).„ 
an equivalent quantity of copper ( 63-8 by weight of copper for every 
21G of silver) having been dissolved. 

Place a small globule of mercury into a concentrated solution of 
silver nitrate on a watch-glass. The globule of mercury becomes 
rapidly covered with a crystalline mass, resembling some vegetable 
growth, termed arborescence. After a time the whole of the silver 
becomes removed from the solution, which now contains mercuric 
nitrate, Hg(N03)2, in the place of the silver nitrate. Metallic silver 
is precipitated, and forms with the mercury an amalgam, which is 
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crystalline. This action has been known a long time, and the crystal- 
line mass termed a silver tree {arbor Diance), ^ 

Strips of the metals Zn, Fe, Sn, Pb, Mg, and Cd may likewise be 
employed for the precipitation of metallic silver. 

■* jMake a clear solution of one part of grape sugar and six to eight 
parts of distilled water, and a somewhat dilute solution of silver nitrate. 
Heat the latter in a test-tube, nearly to boiling, and add the grape 
sugar solution. The liquid becomes at once turbid, and a greyish 
white powder of metallic silver falls to the bottom ; or a yellowish 
white metallic deposit forms on the sides of the test-tube, which, 
on rubbing with a glass rod, shows bright streaks of metallic 
silver. The metallic silver can be filtered off and fused to a brilliant 
globule. 

Most oxygen compounds of silver are not only easily decomposed 
by a moderately high temperature, but also on contact with organic 
compounds, such as grape sugar, formic acid, and especially unsatu- 
rated substances, as aldehyde. These substances in all" instances 
become oxidised in some definite manner. 

Tliis kind of reaction has found an important practical application 
in the manufacture of mirrors, speculae for telescopes, c%c. 

A number of organic substances, mostly acids, can form com- 
pounds or salts with silver. These on heating decompose, leaving 
metallic silver, which often'retains the shape of the original crystalline 
substance. 

On igniting a fe\y crystals of silver acetate (CH 300 ,Ag) in a 
covered porcelain crucible, gently at first, and strongly as soon as no 
more fumes are given ofi', a mass of frosted silver is left, having the 
shape of the original crystals. 

(2) LEAD, Pb''. — Lead is sometimes found metallic, but more 
generally in combination with sulphur, as PbS, in galena ; also as 
carbonate, in lead spar or white lead ore, PbCO^j as sulphate, in 
lead vitriol, PbSO^, in leadhillite, 3Pb0O3,PbSO„ and in lanarkite, 
Pb 003 ,PbS 04 ; as oxychloride, in mendipite, PbOL,2PbO ; as phos- 
phate and oxychloride, in pyromorphite. “ 

The metal has a decided blue colour, and is exceedingly soft ; it 
can be marked by the finger nail, and makes a trail or mark on paper 
when rubbed over it. It can be obtained in crystals from fusion and 
slow cooling. 

Its atomic weight = 206 -4; relative weight, 11*37 ; melting-point 
335° 0 ; boils between 1450° and 1600° C. ’ 

^ ^ It oxidises superficially on exposure to air or water, and combines 
directly with sulphur and the halogens, but not very energetically. 
Dilute nitric acid dissolves it easily. Acetic and many other organic 
acids and also carbonic acid dissolve the metal if it be exposed to 
air at the same time. Its oxide, or hydroxide, is also soluble in 
almost any alkaline solution, such as lime-water ; therefore on 
contact with air and such solutions rapid oxidation of the metal • 
takes place. Solutions of nitrates, but not of sulphates, act ^ 
corrosively on the metal. 
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Siilpliuric acid has a very slow action on the metal, a coating of 
insoluble sulphate forming which acts as a protective varnish. Weak 
or dilute acids, &c., are more rapid in action than concentrated 
solutions of reagents, owing to the slight solubility of lead salts 
generally. 

Lead is much employed for acid chambers or vessels to contain 
strong acids, for pipes, roofing, bullets, &c. The alloy mostly employed 
is solder — lead and tin. Pewter should contain not more than 10 per 
cent. lead. Type metal is an alloy of lead with antimony. It is 
sometimes present in small quantities in other alloys, as bronze, &c., 
but the qualities it imparts are not, as a rule, desirable. 

Storage cells are composed of lead plates, one of which is coated 
with the peroxide or dioxide, PbO^, and the other with more or less 
spongy ” lead. ISTo doubt the oxidation of this spongy or finely 
divided metal is the origin of the current in the cell. After a cell 
is charged the condition may be represented by PbOg + H^O + Pb 
(dilute sulphuric acid being the electrolyte). After a cell has i-un down 
the condition is PbO + H^O + PbO, the lead having taken oxygen 
from an adjacent water molecule, the hydrogen being driven, or 
wandering, to the negative plate, where it unites with some of the 
dioxide- oxygen. 

Lead may be .obtained in a fine powder, which. takes fire or 
glows on contact with air, by gently heating in a partially closed 
tube lead tartrate, and some other compounds of lead with organic 
acids. 

Experiments. 

I. Heated in tube in air, Pb, after melting, changes colour, 
becomes covered with a grey film ; on heating further the film 
becomes yellow or reddish when hot and paler on cooling. The 
changes are due to the formation of oxide. The oxide melts and 
attacks the glass. 

II. Heated with sulphur, combination takes place, the mass 
becoming red hot and melting ; it is a dull black, brittle solid wheii 
cold. 

III. Warmed with hydrochloric acid, superficial action takes place, 
the metal becoming whitened, but little dissolving. 

Sulphuric acid when strong also coats the metal with white sul- 
phate (PbSOJ, scarcely any dissolving unless the acid be concentrated 
and boiling, when an acid salt is formed. 

Nitric acid dissolves it easily, reddish fumes escaping. On eva- 
porating in dish white crystals of lead nitrate Pb(N03)2 are formed. 
A dilute acid acts quicker than a strong one. 

The oxide from I. partly dissolves in HOI, and is converted into 
white sulphate by H^SO^. Nitric acid dissolves it. 

Comparatively weak acids, acetic and other organic acids, 
dissolve lead slowly, especially in contact with air. A white crust 
of basic or hydrated carbonate may form on the metal. 

N.B. — The manufacture of white lead depends upon this be- 
haviour of lead towards organic acids. 
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Dry Reactions. 

The principal blowpipe reaction consists in rei^Iucing lead com- 
pounds on charcoal to metallic lead, either by themselves, or by the 
aid of sodium carbonate, or potassium cyanide, and in the yellow 
’ incrustation of oxide which they yield, which disappears when heated 
in the oxidising flame, imparting a blue colour to the flame. The 
compounds of sulj^hur, antimony, arsenic, and selenium with lead 
are somewhat more difficult to reduce than oxy-salts of the metal. 

• ' The change which takes place when galena is heated with sodium 

carbonate in a crucible, out of contact with air, is expressed by the 
equation : 

7PbS -f- INa.CO,, - 4Pb + 3PbSNa,S + Na,SO, + ICO, ; * 

but when heated in contact with air, or in the presence of an oxi- 
dising agent such as saltpetre, the loss of lead in the slag is avoided, 
thus : 

PbS,Na,S + 70 + = Pb -h 2Na,SO, 4- GO,. 

When galena is roasted in a glass tube open at both enfls, it is 
converted into PbSO^, Pb, and SO,, thus : 

(1) PbS -{- 20, = PbSO,. 

(2) 2PbS 30, = 2PbO -f 2S0,. 

(8) PbS -h 2Pb6 = 3Pb + SO,.t 

With antimonides or arsenides the action is more complex. 

With borax and microcosm ic salt, lead compounds give in the 
^ outer flame a clear yellowish glass when hot, which is colourless when 
cold.J 

The presence of antimony, arsenic, and sulphur is indicated, when 
these ores are heated on charcoal, by the garlic-like odour and fumes 
of As^Og, or Sb^Og ; or in a glass tube open at both ends, white 
sublimate, fumes, and odour of SOg. 

Reactions in Solution. • 

For the reactions of lead in solution the nitrate, Pb(N 03 ),, 
acetate, (CH 3 CpO) 2 Pb, is used, most other lead salts being too insoluble 
in water. 

HCl (group reagent), or soluble chlorides, give, with a not too 
dilute solution of lead salts, a heavy white precipitate of lead chloride, 
PbOlg, soluble in much cold water, readily in boiling water, from 
which the lead chloride crystallises out, on cooling, in fine needles ; 
less soluble in solutions containing dilute hydrochloric or nitric 

* This double sulphide when heated with iron filings can be reduced to 
metallic lead, the iron becoming TeS. 

t The extraction of lead from galena depends upon these reactions. 

f All lead minerals, especially the antimonial sulpho salts, boulangerite 
, bournonite, jamesonite, and argentiferous galena, contain more or less silver, 
ai may be ascertained by carefully cupelling the metallic button on'charcoal., 
(Comp. “Silver.”) 
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acid. Ammonium hydroxide converts it into a basic salt, of the 
composition PbHOCl (lead chlorohydrate) — a white powder almost 
insoluble in water. 

ISJaHO or KHO precipitates lead hydroxide, Pb(HO)2, sqluble in 
excess of the reagent, especially on heating. The Pb(HO)2 niust be 
vie’wed as acting the part of a weak acid, compared with the alkali 
bases KH .0 and NaHO, or the compound may be looked upon as a 
substituted hydroxide, thus : 

Pbg]^ + KHO = + Hp.* 

NH^OH precipitates a white basic salt, insoluble in excess. The 
precipitate forms only slowly in a solution of lead acetate. 

SHo precipitates black lead sulphide, PbS, from acid solutions. 
If a large excess of hydrochloric acid be present the precipitate is 
reddish brown, consisting of Pb^SOl^ (lead sulphodichloride). On 
diluting considerably with water a black precipitate is obtained. 

or soluble sulphides, precipitate black PbS, insoluble in 
dilute acids, alkalies, and alkali sulphides. Lead sulphide is soluble 
in hot dilute nitric acid, lead nitate being formed, with separation 
of sulphur. Concentrated nitric acid converts it into PbSO^, the 
oxidation extending to the sulphur as well. 

HgSO^, and soluble sulphates, precipitate a white sulphate, PbSO^, 
almost insoluble in water, especially in the presence of excess of dilute 
sulphuric acid ; insoluble also in cpld dilute acids ; soluble in boiling 
hydrochloric acid, from which lead chloride crystallises out on cooling ; 
soluble in potassium hydroxide, and readily soluble in concentrated 
solutions of certain salts, such as sodium thiosulphate, ammonium 
acetate or tartrate, in the presence of excess of ammonium hydroxide, 
from which solutions HgSO^, in excess, (^114)28, or potassium chro- 
mate, precipitate the lead again. Boiling with sodium carbonate 
converts Pfeo^ into an insoluble basic carbonate. Lead sulphate 
separates from very dilute aqueous solutions very slowly, or only on 
the addition of alcohol (methylated spirit). 

Potassium ^chromate precipitates yellow lead chromate, PbOrO^ 
(chrome yellow), readily soluble in potassium or sodium hydroxides, 
difficultly soluble in dilute nitric acid, insoluble in acetic acid. 

Soluble carbonates give a white precipitate of a basic carbonate 
(a sort of white lead), of varying composition, usually represented 
as 2PbC03, Pb(OH)2, insoluble in water and in potassium cyanide. 

KI gives a yellow precipitate of iodide, Pbig, soluble in excess of 
the reagent ; also soluble in much hot water, from which it separates* 
on cooling in beautiful golden-yellow scales. The water solution is 
colourless. 

KOy precipitates white cyanide, PbCyg, insoluble in excess, soluble 
in dilute nitric acid. 

^ ^ This kind of combination may also exist in the case of Zn{HO}. 2 , Al2(H0}6, 
-and others which dissolve in solutions of alkali hydroxides. Hydrates are 
relatively either positive or negative. 
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Soluble phosphates, arsenites, and arsenates, silicates, borates, 
oxalates, tartrates, citrates, ferro- and ferricyanides gjve precipitates 
with lead salts, which are insoluble in water, but soluble in dilute, 
or strong, nitric acid. From an analytical point of view, however, 
-» these precipitates possess only a secondary interest. 


Metallic iron or zinc precipitates lead from its salts. This is seen 
very strikingly on dissolving a few ounces (80 or 40 grms.) of lead 
acetate (sugar of lead) in distilled water, with the addition of a little 
acetic acid, and suspending in the solution a piece of zinc from a 
thread. The zinc becomes covered with a beautiful crystalline 
deposit of metallic lead, which^ increases rapidly if the solution be 
left undisturbed, and acquires the appearance of the branch of a tree 
{arbor Saiimii). The metallic structure can be preserved for days 
in unaltered beauty. On removing the precipitated lead from the 
piece of zinc, the latter is found much corroded and considerably 
diminished in size and weight. The lead may be collected on a filter 
and washed with water, dried, and fused in a crucible, under a 
covering of borax, to a bright metallic button. A chemically 
equivalent weight of zinc to the precipitated lead (i.e,, 65 parts by 
weight of zinc for every 207 of lead) has dissolved, and is found in the 
solution, in the form of zinc acetate. The atomic weights of Zn (65) 
and Pb (207) can be determined roughly, by weighing the metallic 
zinc, before and after immersion, as well as the precipitated lead. 

Heat a little red lead, Pb^O^,* in a small porcelain crucible, or in 
a test-tube, to which a delivery tube is attached. Oxygen gas is 
given off, which may be collected in the usual manner over water. 
The residue is dark yellow, and on cooling turns bright yellow. It 
consists of lead oxide, PbO (litharge), according to the equation ; 

= 6PbO + 0,. 

Treat a little PbgO^ with strong hydrochloric acid in a test-tube, 
and heat gently. A greenish yellow gas comes oft) and lead chloride 
is produced in the solution. The gas is readily recognised as chlorine 
by its property of bleaching litmus paper : 

PbgO, + 8HC1 = SPbCl, + 40H, -f- Cl,. 

Treat another portion of red lead with dilute nitric acid. The red 
colour changes to brown — the colour of lead dioxide, PbO,. The 
reaction is expressed by the equation : 

PbgO, -f 4HNO3 = 2Pb(N03), + PbO, + 20H,. 

Lead can thus combine either with one or two atoms of oxygen 
to form PbO or PbO, ; and red lead maybe regarded as a compound 
these two oxides. 

* The composition of commercial red lead is more correctly expressed by 
the formula Pb405. 
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The minerals plattnerite, PbO^, and minium, PhgO^, represent the 
corresponding ;Datural oxides. 

II.,S04 forms with PbO the sulphate, PbSO^, oxygen being 
given off. 

PbOg absorbs sulphur dioxide readily, forming PbSO^. 

HCl on heating with lead dioxide yields chlorine. 

(3) MERCURY. — (Mercurosum) (See ante.) 

A solution of mercurous nitrate, Hg^CNOg)^, is used, most of the 
other mercurous salts being insoluble. 

HCl (group agent), or soluble chlorides, give a white precipitate 
of mercurous chloride, Hg^Ol^ (calomel), which is insoluble in dilute 
acids and is blackened by KHO or NH^OH ; the latter converts it into 
mercurosoammonium chloride, NH^HggOL Mercurous is converted 
into mercuric chloride by the action of chlorine water. Concen- 
trated hydrochloric acid converts it, upon long-continued boiling, 
into HgCl^ and grey metallic mercury. Nitric acid oxidises it readily 
into HgCl> and Hg(N03)2, evolution of nitrous fumes. Dry 

Hg^^Clg sublimes unchanged. 

NaHO or KHO gives a black precipitate of mercurous oxide, 
HggO, insoluble in excess. 

NH^OH produces a black precipitate of basic di mercurosoam- 
monium nitrate, (NH2HgN03)2Hg20, 

The precipitate is insoluble in excess. 

SHg precipitates black mercurous sulphide, 'Hg'^S,* insoluble in 
excess or in dilute acids; soluble in aqua regia or in yellow potassium 
sulphide. When boiled with concentrated nitric acid, the second 
atom of mercury in HggS is converted into HgCNOg)^, and a white 
compound of mercuric nitrate and sulphide is formed. 

(NH^)2S produces the same black precipitate. 

A clean strip of metallic copper precipitates metallic mercury 
from mercurous solutions, cupric nitrate being left in solution. ■ On 
gently rubbing the greyish deposit with a piece of wash-leather the 
surface becomes bright and shining like silver. The more electro- 
positive metals, Bi, Cd, Cu, Fe, Pb, Zn, precipitate the less electro- 
positive metal Hg. 

Sulphurous acid, ferrous sulphate, or stannous chloride produce 
a grey precipitate of metallic mercury. On decanting the liquid 
and boiling the grey deposit with hydrochloric acid distinct metallic 
globules are obtained. The changes may be expressed thus : 

Hg,(N03), + B[,S03 -f OH, - 2Hg + 2HNO3 -p H,SO,. 

8Hg,(N63), 4- 6FeSO, = 6Hg -h 2Fe2(SO,)3 + ^ 

^82(^0,},“+ SnOlj 4- 2HC1 = 2Hg 4- SnOl, 4- 2HNO3. 

Mercurous salts thus act the part of oxidising agents, when coming 
in contact with more powerful reducing agents. 

* The substance appears to be a mixture of mercuric sulphide and 
mercury, as is shown by the ready action which concentrated nitric acid has 
upon it. 
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A method of separating* the metals of Group I. will readily 
sug-gest Itself from the following facts : 

1st. The solubility of PbCl, in boiling water. 

2nd.’ The solubility of xigCl in NH^OH. 

Brd. The conversion of the Hg.,Cl.> into black NH,Hg.,Cl by the 
action of NHpH. ' “ “ “ 

Table I. in the analytical tables embodies this method of sepa- 
ration, but this is not the only plan, and the student should be exer- 
cised in devising other methods. 


Before proceeding to the study of the reactions for acids the 
student will do well to tabulate in a concise way the knowledge 
gained of all the metallic oxides, hydroxides, sulphides, carbonates, 
neutral as -well as basic, ifec., and remember the reactions to some 
extent, at any rate so as to be able to make use of them to evolve 
other methods of separation therefi*om. 

Much precise information will be gained by working out in a 
tabular form illustrated by equations : 

(1) The solubility of all the metals hitherto treated of — 

{a) In dilute and concentrated hydrochloric acid. 

{h) In dilute and concentrated nitric acid. 

(c) In dilute and concentrated sulphuric acid. 

{d) In aqua regia. 

(2) The solubility of the metallic oxides and sulphides obtained 
by double decomposition in solution, in the different acids, in caustic 
alkalies, and in alkali sulphides. 
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NON-METALLIC ELEMENTS. 

The non-metals are more varied in physical character than the metals. 
Some are solids but lack any general property^ like metallic lustre ; 
one at least is liquid, and some are gases at common temperatures. 
They are as a rule bad conductors of heat and electricity^ but to this 
there are exceptions. There is a peculiarity very evident amongst 
non-metals which is not so much known amongst metals, in that 
some of them under certain conditions can exist in very different 
physical states, and this difference in physical state is to some extent 
attended by a considerable difference in their chemical behaviour. 
They are said to form allotropic varieties. 

CARBON, C'\ Varieties : a, diamond ; /3, graphite ; y, charcoal. 
Atomic weight, 11-97. Vapour density undetermined ; not volatile 
at any known temperature. Specific gravity: diamond, 8’52 ; 
graphite, 2*17 ; charcoal, various, depending on source, from 1*1 to 
1*5. — Diamond is the hai*dest body known. Wood-charcoal is 
friable, and marks paper with a dull black streak. Graphite makes 
a shiny and not quite black mark. Cokes, from coal, and gas carbon 
do not mark paper. Melting-point of carbon unknown ; fusible and 
volatilised in the electric furnace only. Carbon occurs in nature in 
two distinct crystalline modifications as diamond and graphite. l"he 
several modifications exhibit great diversities of colour, lustre, trans- 
parency, hardness, and power of conducting heat and elect licity. 
With the exception probably of melted iron, C is insoluble in ail 
known solvents. 

y-Carbon when subjected to a red heat burns in the air or oxygen 
with production of carbon dioxide ; the more compact forms of 
carbon, graphite, or gas carbon burn with difiiculty in the air alona. 
a-C, or diamond, wi^! ’^ot bui'n even at a red heat in air, but readily 
in pure oxygen. Graphite or diamond is not attacked by strong 
nitric acid, but charcoal is oxidised. (See a7ite.) 

SILICON, Si^"^. Varieties: a, adamantine ; /3, graphitic ; y, amorphous. 
Atomic weight, 28. Specific gravity, a =2*19 to 2*49 ; ^ (graphitic) 
^ =2*00. — This element, although widely distributed in nature, is 
never found in the free state, but chiefly in combination with oxygen, 
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in the crystalline condition as quartz. and in the amorphous 
condition as opal, flint, <tc. % 

Silicon exists in cast iron in conditions perhaps analogous to the 
states in which carbon exists in that substance, that is, both com- 
bined and in solid solution. 

It is supposed to melt between the melting-points of cast iron 
and steel, but this is doubtful. 

Amorphous silicon is a dark brown powder which soils the fingers. 
When heated in the air it takes fire, burning to SiO^,. Heated in a 
vacuum, it becomes denser and assumes a graphitic appearance, after 
which it oxidises much less rapidly on heating in air. 

It may be easily obtained by heating sand, SiO^„ with magnesium 
filings, and, after cooling, washing the product with very dilute 
HCl. 

Hydrofluoric is the only acid which singly attacks silicon. 

Heated with KHO or NaHO, silicates are formed, with evolution 
of hydrogen : Si -h 4KHO = Si(KO)^ + 2H,. 

Many metals when in a fused state dissolve and usually combine 
with silicon — for instance, iron, aluminium, magnesium, and others. 
On cooling, the Si, or a compound, a silicide, crystallises out to some 
extent, and may be isolated by treating the metal with an acid, as 
dilute HCL 

Some silicon steels and silicon bronzes are used to a limited 
extent. 

Silicon combines directly with jialogens and also with sulphur at 
a high temperature. From the silicon chlorides carbon compounds 
have been formed — so-called organo silicon compounds. From these 
haloid compounds silicon is obtainable by the action of the alkali 
metals. 

Experiments, 

I. Sand is the most abundant silicon compound. It is SiO.„ 
and undergoes no change when heated. Acids and most other 
reagents have little or no action upon it. 

II. Fine sand mixed with magnesium powder or filhigs and heated 
in a tube is reduced to silicon and a compound of magnesium and 
silicon, SiMgg. The mixture gets very hot during the reaction, and 
often flies out of the tube. 1 grm. fine sand and ’2b grm. Mg filings 
will be enough at once. On putting the product into dilute HCl 
hydrogen and SiH^ are given off, and the SiH^ generally takes fire. 
A brown powder settles down, which should be washed once with very 
-dilute HCl and then with alcohol and dried. 

The brown amorphous Si may be (i) heated in a tube in air — it 
should glow ; (ii) heated with NaOH — hydrogen should be evolved. 

BORON, B', ; a, /3, y. Atomic weight, 10-94. Specific gravity, 

2*58. — Boron occurs in nature in borax and boracic acid; never in 
the free state. Three varieties of boron are known — amorphous, 
monoclinic, /3*, quadratic, a. The latter variety is very hard. Some^ 
of these varieties have been obtained by dissolving boron in melted 
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metals — for instance, aluminium — and there is some doubt whether 
all the solvent metal has been quite removed. Amorphous boron when 
unignited is slightly soluble in water, but not in w^ater containing 
acids or salts. 

Amorphous boron is a brown powder which does not oxidise in the ^ 
air or in oxygen gas at ordinary temperatures, but at about 300° 0. 
it burns, the product being boric oxide or anhydride, B^Og. 

Boron unites with nitrogen, the halogens, and sulphur directly, 
and also with some metals. It forms three classes of compounds, 
direct binary compounds of boron and another element and two 
oxidation stages. 

This element is not used as such, but its compounds with oxygen 
are largely employed. 

Experiments. 

The oxide B^Og is the most common oxygen compound ; it is con- 
tained in borax, which is much employed as a flux for soldering. 

I. When heated, B^Og simply melts; no further change takes 
place. 

It dissolves in water, acids, and alkalies, but without any charac- 
teristic reactions. 

The solution in water is very faintly acid, if at all. Turmeric 
paper turns brown, as it does with an alkali. It distils rapidly with 
steam, and can thus be evaporated away. 

II. The acid is obtained by making a strong solution of borax, 
B^OyNa^, in water and adding ECl. White crystals quickly form. 

If the water be poured away and alcohol added to the crystals they 
dissolve. The alcohol solution, warmed in a test-tube and the alcohol 
vapour set alight, burns with a green-edged flame. This distinguishes 
boron, or boric acid, from copper or barium, neither of which is 
carried up in alcohol vapour. 

III. Amorphous boron may be obtained in a similar way to silicon, 
by heating a mixture of dry borax or B^Og with magnesium filings in 
a strong tube. The action is energetic. After cooling the product 
is to be treated with very dilute HOI once or twice, and then washed 
with alcohol. It is a brown powder after drying. 

lY. Heated in air in an open tube, it burns, forming B^Og. 

OXYGEN, 0", a and /3 {me ante). Atomic weight, 15'96 ; liquid 
under ordinary pressure at - 193°. Specific gravity, a liquid, 
0*979~0’989 ; as gas, 1T05 (air= 1) ; 1 litre — 1 *429 grms. Oxygen 
occurs in nature, in the free state in the atmosphere and in immense 
quantity combined with metals, as oxides, silicates, carbonates, kc. 
Although the absolute amount of free oxygen contained in the air 
is very great, the proportion which the free oxygen bears to that in 
a state of combination is but very small. ^ 

a- Oxygen dissolves appreciably in water ; some metals also absorb 
oxygen when in the molten state, and give it off again on cooling — 

silver. From the energy of its chemical combinations with 
‘^other substances, oxygen is very easy to distinguish. It forms 
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compounds with neai*iy every other elementary substance, in many 
cases directly. ^ 

Substances that burn in air burn in oxygen with increased^brii- 
liancy, such as phosphorus, carbon, sulphur, &c, 

^ Free oxygen is absorbed by pyrogallic acid rendered slightly 
alkaline, and this test is used in gas analysis. The solution rapidly 
turns brown when much oxygen is present.* 

Ozone (see ante) is formed by the silent elective discharge ; by 
slow oxidation of phosphorus ; by some gases burning in excess of 
air. 

One of the most characteristic tests for ozone is its effect on mer- 
cury. The metal at once loses its mobility, and adhex’es to the surface 
of the glass in a thin mirror. A single bubble of oxygen containing 
ozone will alter the appearance of several pounds of mercury, taking 
away its lustre and the convexity of its surface. Free a-oxygen has 
no action on potassium iodide, whereas /3-0 decomposes it into free 
iodine and potassium hydroxide. Potassium iodide and starch paste, 
or paper smeared over with a mixture of the two, when exposed to 
/.hoxygen, becomes of a purple or deep blue colour, due to the liberated 
iodine combining with the starch, 

SULPHUR, S", (see ante). Several varieties. Atomic weight, 
^1*98, Specific gravity, a (rhombic) = 2*07 ; /3 (monoclinic) = 1*9 C ; 
y (amorphous) = 1*92. Melting-point depends on variety, ranging 
between 112° 0. and 120° 0.; solidifies, 114° C. Boiling-point, 
440° 0. — Is found in nature in Mie free or native state in the 
neighbourhood of extinct as well as active volcanoes, in Sicily, and 
many other places. 

It occurs in commerce either in sticks, known as roll sulphur, or 
in the amox'phous state as a pale yellow powder, known as flowers or 
flour of sulphur. 

Sulphur is best recognised by means of its two well-known oxida- 
tion products, sulphurous and sulphuric oxide, SO2, SO3 ; oxides of 
the forms S^Og and S^O^ also exist, but are very unstable. 

NITROGEN, Atomic weight, 14. Specie gravity, 

0*968. Specific gravity of liquid at 0° C. and 275 atmospheres pres- 
sure =0*37 ; liquid under ordinary pressure at - 198°-200°. 1 litre 
weighs 1*245 grms. — Nitrogen exists in the air in the free state 

* A solution of copper oxide in ammonia, rendered colourless by digestion 
with excess of metallic copper j otherwise a solution of cuprous oxide in 
ammonia, absorbs oxygen and turns blue. This is a very delicate test for free 
oxygen. The reagent is best made by dissolving cupric chloride in strong 
HCl, and boiling the solution with some copper turnings. It will produce a 
dark brown solution, which is thrown into a considerable quantity of water 
tha^ has previously been boiled to expel air, and then cooled. A white pre- 
cipit^e of is formed, which may be washed with dilute alcohol and 

dried: It will then keep any time. A small quantity is then dissolved in 
strong ammonia in a small bottle kept quite full and also containing copper 
turnings. Taking out the stopper in the air will be sufficient to cause a blue • 
coloration. Ferrous oxalate dissolved in an alkali oxalate also absorbs 0 , 

rapidly, turning dark red. 
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mechanically mixed with oxygen ; and combined in certain salts, as 
nitrates, and also in both vegetable and, especially, animal substances. 

It may be obtained pure from nitrites and ammonia salts by the 
reaction : KhTO^ + NH^Cl = KOI + 2 H 2 O + Kg. (See ante.) ■ 

PHOSPHORUS, P', L a, ft y. Atomic weight, 30*96. Vapour 
density, 4*35 to 4*50. Specific gravity, ordinary waxy, a, 1*76-1*83 ; 
red, ft 2-20 ; metalline, y, 2*34. Melting-point, 44°. — Phosphorus 
never occurs in nature in the free state, but chiefly in combination 
with lime and alumina as phosphates.* In commerce it is obtainable 
in two forms — viz., common colourless or octahedral phosphorus, 
usually in the form of sticks, and the red or amorphous phosphorus, 
in the form of powder. 

Ordinary phosphorus is nearly insoluble in water, readily soluble 
in chloride of sulphur and carbon disulphide, from which crystals of 
phosphorus can be obtained on evaporation, and in most organic 
liquids, as ether, alcohol, benzene, vegetable and mineral oils, &c. (fee. 
The luminosity of free phosphorus in the dark, and the peculiar 
smell of this element produced when it is exposed to air and slowly 
oxidising, renders its detection comparatively easy. Phosphorus is 
a bad conductor of electricity either in the fluid or solid state. It 
is highly poisonous. Ordinary, or a-phosphorus, is extremely inflam- 
mable, taking fire in the open air, often spontaneously ; it burns 
with a yellowish green flame, emitting dense white fumes of phos- 
phoric anhydride and some lower oxides. It is not attacked by strong 
hydrochloric acid except under ^pressure, but concentrated sulphuric 
acid is reduced by it to sulphurous anhydride, and on heating even 
to sulphur. K itric acid oxidises it to phosphoric acid on long-continued 
boiling. 

Very minute traces of free phosphorus may be detected by the 
characteristic flame, like that of phosphoretted hydrogen, which is 
evolved when the substance containing it is exposed to the action 
of nascent hydrogen. The substance is introduced into a flask fitted 
up like Marsh’s apparatus for the detection of arsenic. If phos- 
phorus be present, the evolved, gas contains phosphoretted hydro- 
gen, and will burn with a green flame when the end of the jet 
is kept cool. The gases may also be aspirated through a nitric 
acid solution of ammonium molybdate, when a characteristic yellow 
precipitate will be formed, or through a solution of AuOlg, when 
an intense red colour will be produced by the reduction of metallic 
gold in a fine state of division. A piece of blotting-paper moistened 
with silver nitrate and held in the gas will become brown or bl^ck 
when only most minute traces of phosphorus are present. Sulphides 
must, of course, be absent. 

Red or /3-phosphorus is obtained by heating a-phosphorus to 
between 300* and 400®, therefore under pressure, or, better, by gielt- 
ing with a little iodine. A certain small quantity of iodide of phos- 
^ phorus is formed, and by some molecular agitation much ordinary 
phosphorus is converted into the red variety. It is insoluble in all 

♦ See “ Calcium” and “ Aluminium ” for minerals. 
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solvents, and not acted upon by oxygen at the ordinary tempera- 
ture. It burns like a-phosphorus, however, when h^sated in the air 
to about 300° C. Chlorine or iodine combine with it directly, and if 
water be present both hypophosphorous acid, HPO^, phosphoric acid, 
and a haloid acid are produced. 

The phosphoric acid may then be tested for by a nitric acid solu- 
tion of molybdate. A very small particle of p-phosphorus, a bit of 
. safety-matchbox striker, will give the reactions of phosphorus on 
warming with a small crystal of iodine and one drop of water in 
a test-tube, and after the reaction a few drops of nitric acid and 
ammonium molybdate added. Phosphorus is contained in some 
alloys known as phosphor bronzes. 

Some pig-irons contain as much as 2 per cent, of this element. 

Experiments. 

Waxy phosphorus is sold in sticks or rods and kept under water, 
they have generally a wdntish coating, supposed to be produced by 
the action of light. Amorphous, or red, phosphorus is a powder of 
more or less purple-red colour. 

Yery gTeat care must he taken in handlhig wa:>'y pho 82 yhoriis^ as it is 
liable to take fire in air and the burn is difficult to heal. It must be cut 
lohiUt loet with loater and dried by a little blotting - 2 nc 2 ^er. Fpr the 
experiments a very small piece, not larger than an ordinaiy match 
head, may be taken. The same amount will also be enough of the 
red 2 :>hosphorus. ^ 

I. Heated in a tube, ordinary P melts on very gently warming 
and gives off a peculiar odour. It very quickly takes fire and 
gives a thick white smoke. A piece of blue litmus paper held in 
this smoke as it escapes from the upper end of the tube is reddened. 
The tube will have yellowish or red rings left in it above where the 
piece of P was. These are due to some of the red or /3-P formed 
by some phosphorus vapour being heated to the “changing’' 
temperature. /3-phosphorus requires to be much more strongly 
heated before it takes fire. The same products are formed as it 
burns, 

II. A tiny piece of waxy P dropped into about half an inch of 
turpentine or sulphide of carbon in a test-tube dissolves almost 
immediately on contact. On allowing the solution to evaporate in a 
dish or pouring a few drops on blotting-paper it takes fire spon- 
taneously when the solvent has evaporated. 

III. Sulphuric acid, when concentrated and boiled on phosphorus, 

oxidises it, and sometimes even sulphur, being liberated. 

Strong nitric oxidises and dissolves both kinds of phosphorus. 
Eed fumes of oxides of nitrogen are evolved and phosphoric acid 
formed. On evaporating the nitric away a clear glassy substance, 
metaphosphoric acid, is left. Hydrochloric acid has no action on 
either kind of phosphorus. 

lY. A small piece of dry a-phosphorus, very gently warmed in a * 
test-tube with a tiny crystal of iodine, rapidly undergoes the change ^ 
into the /3 modification. At the same time some phosphorus iodide, 

16 
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PL, is formed. If any moisture be present this decomposes, and 
fumes of HI es^.ape from the tube. 

Y. Alkalies, including OaO and BaO, but not ammonia, when 
warmed with a-phosphorus give off PH 3 , and a salt of HgPO^ is 
formed. This should be done in a test-tube only. It may have a 
cork and delivery tube. 

3Ba(0H), + 2P, + 61^0 = 3 Ba(H,P 02 ), + 2 PH 3 . 

YI. Phosphorus, either a or ft, combines directly with metals. 
Place a small particle of red phosphorus on platinum foil ; heat 
over the flame. At about the temperature of change of state a 
phosphide of platinum forms and melts a hole. 


The Halogens . — The four substances P, 01, Br, I form a very 
well marked group of elements. This is shown by both their 
physical and chemical properties. 

Boiling-points of the halogens in absolute degrees C. : 

F 87° = -19()° 

Cl 240° = - 33° 

Br337°= + 64° 

I 460°= +187° 

The “ halogens ” cannot be obtained, practically, by heating their 
compounds with the common isetals, but the haloid compounds of 
Au, Pt, Pd, and one or two other metals of that class, are decom- 
posed on heating to redness. Many haloid salts may be electrolysed 
in water solution and the haloid collected. Most, if not all, haloid 
salts electrolyse easily in a fused state. The ordinary methods of 
obtaining 01, Br, and I depend on the oxidation of the hydrogen 
compounds. The action of bleaching is the reverse of this, as it 
depends on the halogen taking hydi’Ogen from water and liberating 
(probably) active oxygen. 

FLUORINE, F'. Atomic weight, 10. — Fluorine occurs in combina- 
tion with calcium, aluminium, potassium, sodium, &c., in minerals - 
like fluor spar, cryolite, &c. It is also found in the teeth and bones, 
and in many silicates and phosphates, and hence occurs in soils in small ’ 
quantities, from whence it is taken up by plants. The hydrogen 
compound of fluorine is treated of under “ Acids. 

Fluorine is a gas, under ordinary conditions of temperatnre, which ; 
attacks nearly all substances, metals or non-metals, and many com- - 
pounds, especially if they contain hydrogen. With oxygen and { 
nitrogen it does not seem to combine. i 

The most satisfactory method of preparation (isolation) is by the ! | 
electrolysis of KF in solution in anhydrous HF, at a low tern- I? 
perature in a platinum vessel. Glass vessels cannot be employed v 
at any temperature much above that of boiling oxygen ( - 183°), f 
on account of the formation of SiF^. On cooling to about - 187° | 
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Hiiorine forms a pale yellow liquid of great mobility. At this low 
temperature nearly all its ohemical activity ceases, fbr silicon, boron, 
earbor], sulpliur, phosphorus, and some other elements are not 
affected,’ nor are iodides decomposed, but benzene and turpentine 
become incandescent, and with hydrogen it explodes.* 

Liquid fluorine seems to mix in all proportions with liquid air. It 
does not solidify at - 210°, Its density is 1T4 ; its capillarity is less 
than that of liquid oxygen ; it has no absorption spectrum and is 
not magnetic. 

Experiments. 

A most characteristic property of fluorine is its affinity for 
silicon, whether free or combined. In consequence it attacks glass 
and all substances containing silicon. The hydrogen compound of 
fluorine, HE, decomposes silica, SiO^„ the F uniting with the Si. 

I. Pound up some fluor spar, CaF^„ or cryolite, (]SraF), 3 Al,F^,, 
put in a leaden or platinum dish, and pour on concentrated sulphuric 
acid. Coat a glass plate with a very thin layer of wax, or paraffin, 
and scratch with a sharp point some design or words through the 
wax, and then cover the lead or platinum dish containing the 
mixture of fluoride and acid with it. Place the dish in a warm 
place for a short time, take off the plate, warm over a lamp to 
melt the wax, which can then be wiped oft', and the design eaten or 
etched into the glass should he visible. 

The compound formed between fluorine and silicon is SiF^, a 
gas which on contact with water aecomposes, gelatinous silica being 
deposited and a complex acid, hydro- ftuo- silicic, 2 IIF,SiF 4 left in 
solution. 

This acid is sometimes used as a reagent. 

CHLORINE, OF and , Atomic weight, 35-37. Specific gravity, 
liquid = 1*33 ; gas = 2*449 (air^ 1). — Chlorine never occurs in the free 
state, but cbiefiy in combination with the alkali metals, as NaCl, 
KOI, and also with magnesium. It liquefies under a pressure of 
fi atmospheres, at 0° 0., or at a temperature of - 33*^ at 760 mm. 
The liquid does not conduct electricity, and is not very active 
chemically. 

Chlorine at ordinary temperatures is a greenish yellow gas, which 
exerts a poisonous and irritating action on the air passages. It 
dissolves in about half its volume of cold water, and it is commonly 
used in this form in the lahoi*atory. The water solution on cooling 
gives crystals of a hydrate. 

Chlorine combines with the metals directly, and with many of 
the non-metallic elements. Its solution in water decomposes on 
exposure to light, HCl being formed and oxygen liberated. When 
heated with steam the same decomposition also takes place. 

Chlorine will at elevated temperatures expel oxygen from nearly 
all the metallic oxides. N.B. — The reverse action can take plaoq, 
Bee ante (chlorides, &c., heated in air). 

* Moissan and Dewar, Chem. Soc. Nov. 18§7. 
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The presence of free chlorine is indicated by its powerful odour, 
its bleaching aStion on vegetable colours, its action on potassium 
iodide and starch (formation of blue iodide of starch), and, when in 
very small quantity, by its secondary oxidising action on a solution 
of pure ferrous sulphate mixed with ammonium sulphocyanate, 
KH^SOy, whereby a deep red colour is produced. 

Experiments. 

I. Mix 12 grms. salt, NaCl, with 9 manganese dioxide, MnO.,, in- 
troduce into a small flask or wide test-tube, moisten with very little 



water, and then add about 5 c.c. strong sulphuric acid, and insert a 
cork with tube. The gas can be best collected in dry cylinders or 
test-tubes by^ leading the delivery tube to the bottom ; the tubes 
may be covered with w’atch -glasses. Collect three or four test-tubes 
full by displacement of air by the heavier gas, and also let the gas 
bubble through water in a test-tube half full. The water will become 
coloured yellow -green. 

II. In one tube of the gas hold a piece of moist blue litmus paper ; 
it becomes immediately bleached, almost before it has time to turn red. 

III. In another drop a small piece of tinfoil ; it melts down 
apparently, and forms a fuming liquid. In the third tube put a very 
small piece of real gold leaf ; this also will be acted upon and com- 
bine with the chlorine, and a yellow liquid will result after adding 
cne drop of water. In a fourth tube of the gas insert a lighted wax 
taper ; it will be seen to burn very dimly, and give a copious deposit 
of carbon as soot. 

Chlorine, in fact, unites directly with marly all the elements, the 
pnly striking excerptions being carbon and oxygen and nitrogen. 
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IV. The solution of chlorine in water will also bleach many 
ordinary colours, such as indigo. Pour a dilute indigo solution into 
the chlorine water; the blue colour is totally destroyed, 

■ V. Chlorine is stronger chemically than either bromine or iodine. 
Place a few crystals of potassium bromide in one tube, and some of 
potassium iodide in another. Now put the delivery tube from the 
chlorine apparatus into these in succession ; one will become reddened 
by the liberation of bromine, the other nearly black by the liberation 
of iodine. 

BROMINE, Br' and 'A Atomic weight, 72*77. Melts at 7*d° 0. ; 
boils at 59*27® 0. under 760 mm. Relative vreight = 3*15. — Bromine 
occurs mostly in combination with the alkali metals ; and as bromide 
of silver in Mexico and Chili. At ordinary temperatures bromine is a 
liquid of deep brown colour, almost black; the vapour has a peculio,rly 
disagreeable odour ; in the solid form it is dark grey and crystalline, 
with a semi-metallic lustre. In both states it is a non-conductor of 
electricity. It is very volatile ; a few drops put into a flask speedily 
fills it with red vapours. Bromine dissolves sparingly in v;ater, 
more readily in alcohol, on which it slowly reacts, and in all propor- 
tions in ether, carbon disulphide, and chloroform. 

Bromine does not unite directly with oxygen ; but when passed 
through a red-hot tube with water vapour, oxygen is set free, and 
hydrobromic acid is formed. Bromine is the only liquid element 
at ordinary temperatures except mercury. Bromine and its com- 
pounds resemble chlorine and its^ compounds very closely, although 
it is not so energetic. It bleaches organic colouring-matters, but 
less quickly than chlorine does, and combines directly with metals to 
form bromides, but its action is less powerful than chlorine. Bromine 
forms only one compound with hydrogen — namely, hydrobromic 
acid, but, unlike chlorine, they do not unite "when brought together 
in sunlight. 

Experiments and Tests. 

I. Put a few drops of bromine into a good sized flask ; it eva- 
poi’ates without heating and red fumes fill the flask (l?e careful not to 
breathe these fumes). Hang in the neck of the flask a strip of 
moistened blue litmus paper ; it will turn red and yellow, and then 
gradually lose its colour or bleach. 

II. Hold for a moment a strip of blotting-paper that has been 
dipped in a solution of potassium, iodide and starch in the neck of 
the flask ; it will be blued, as was the case with iodine and starch, 
^he bromine has liberated the iodine from the potassium and taken 
its place. 

III. Cold solution of NaHO dissolves bromine, the solution con- 
taining hypobyomite, bromide, and bx'omate. On evaporating in a 
dish a white crystalline residue is left. 

lY. The solution of NaHO to which bromine has been added 
bleaches a piece of litmus paper quicker than bromine itself. This 
is due to NaBrO. ' 
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Dilute ammonia dissolves and combines with it, forming bromide. 
Some nitrogen may be liberated. 

A strip of fead held in bromine vapour or in a solution of 
bromine, either in water or any other solvent, becomes coated with 
a pale yellow substance, PbBr 2 . 


IODINE, I' and "C Atomic weight, 126*56. Relative weight, 
4*948. Melting-point, 113-115° 0. Boiling-point, 187° 0. — Iodine 
is a bad conductor of electricity, and possesses a less penetrating 
odour than chlorine or bromine. 

It occurs in combination with the alkali metals, as iodides of 
potassium and sodium in kelp ; also in several minerals, as iodides of 
mercury and silver. Much is obtained from Chili saltpetre, wherein 
it exists, for the most part, as sodium iodide. 

Iodine is a crystalline, opaque, shining, blackish-grey solid ; it 
crystallises by sublimation in the rhombic system in the form of 
prisms. It is sparingly soluble in water, more readily soluble in 
alcohol and ether, easily in cai-bon disulphide, and in the solution of 
an iodide."^ 

Iodine forms only one compound with hydrogen — viz,, hydriodic 
acid, HI. Iodine combines both with chlorine and bromine in at 
least two proportions. ICl = iodine monochloride, a liquid, and 
ICJ 3 = iodine trichloride, a solid. The converse compound, CJI 3 , 
can also exist. 

Ok , .01. 

Iodine trichloride may be >101 or I — Old | 

OK \0L 


HI also dissolves iodine, and may form KI\ 


This element has more affinity for oxygen than either 01 or Br, 
uniting to a slight extent directly, and is readily oxidised by nitric 
acid, or permanganate and other oxidising agents, forming several 
well-defined ai^d stable oxides and anhydrides. 


Experiments and Tests. 

I. Heated gently in a tube, iodine vapourises, even before melting, 
and gives a fine violet vapour; shining blackish crystals form on the 
cool parts of tube. The vapour has an irritating effect on the eyes, 
and a peculiar odour, somethingdike seaweed. 

II. A piece of ordinary white paper, or, better, a little blotting?, 
paper with some starch spread on it, held over the upper end of tube, 
becomes purple-blue in colour. 

III. A piece of blotting-paper moistened with silver nitrate or 
lead acetate, held in the fumes, becomes yellow. 

lY, A tiny globule of mercury and a crystal of iodine warmed 
together in a test-tube unite energetically, and a yellow compound, 

* These are no doubt compounds. 
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HgT.,, sublimes in the tube. The yellow sublimate turns pink on 
cooling or rubbing. ■» 

Y. Hydrochloric has no action on iodine. 

Sulphuric dissolves it merely ; the solution is brown-red. 

' Nitric, stx’ong, when boiled with iodine, partly oxidises it to a 
white substance, which may be obtained on evaporating off the acid 
in a dish ; it is mostly iodic acid, HIO 3 , but contains a higher oxygen 
compound as well. 

VI. NaHO when gently heated dissolves it readily, forming 
iodide and iodate, the latter of which rapidly crystallises. 

(The iodates are far less soluble than iodides, or even chlorates.) 

Warm ammonium hydroxide also dissolves it completely when 
dilute ; when concentrated a brown powder is produced, NHL, which 
is most highly explosive when dry. It must not be made in any 
quantity. About half a gi*am (or 10 grains) of iodine and five cubic 
centimetres of strong ammonia solution are mixed in a small dish. 
After a few minutes the dark brown liquid can be poured off and 
replaced by water, and this again poured off* after the brown sub- 
stance has settled. On drying this substance in small portions on 
blotting -paper spontaneously in the air, its explosiveness may be 
tested by rubbing it gently with a feather or quill pen. 

Carbon disulphide is the best solvent for iodine. The solution has 
the same colour as the vapour of the element ; it gives crystals on 
evaporation. 

Turpentine is very energetical^ acted upon by iodine, espe- 
cially when warm, much hydriodic acid, HI, being formed. 

HYDROGEN, H. Standard of atomic weight (1). Gaseous down 
to - 234° 0. At about this temperature it liquefies under ordinary 
atmospheric pressure. (See ante.) 

The presence of hydrogen in compounds is usually detected by 
the formation of water by some process or other. In some inorganic 
or mineral compounds, as HOI or NH 3 , this can be done by heating 
with some metal, as Na or Zn. As it is not absorbed by liquid 
reagents, and most other gases excepting N are, it can ^en be dried 
by collecting over H^SO^, standing a little time, decanting to a tube 
over dry Hg, a little dry 0 added, and a wire or strip of Pd, sealed 
on a glass rod or platinum wire, introduced. The Pd causes the 
H and 0 to unite, and the sides of the tube may become moistened 
from the H^O formed, or a small piece of dry CuSO^ may be pushed 
through the Hg, when, if H^O is formed, it will become blue. In 
organic compounds the H is always oxidised to water, either by 
heating in dry oxygen gas or with CuO. 
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REACTIONS OF THE ACIDS. 

A. Inorgaxic Acids. 

CARBON DIOXIDE, or CARBONIC ANHYDRIDE, CO, (see 
ante ). — Occurs in the atmosphere and in mineral waters. In the 
combined state it forms a constituent of many minerals, called 
carbonates, which have for the most part been enumei'ated in 
speaking of the natural compounds in which the different metals 
occur. 

CO, may be liquefied by about 75 atmospheres pressure at the 
ordinary temperature. The liquid evaporates very rapidly, with 
great absorption of heat, solidifying some of the remaining liquid. 

The density of the gas CQ 2 = 1*519 (air=l); the liquid at 
0®C. = 0*9471 (water = 1). 

Experiments, 

Prepare and collect several large test-tubes * of the gas by acting 
on CaCOg with dilute HOI in an arrangement like that figured for 
chlorine {which see). Collect by downward displacement. 

I. In one tube introduce a strip of moist blue litmus paper ; it 
will become claret -coloured. 

II. Pour lime water into tube ; it becomes milky. 

r 

CaH,0, + CO, = CaCOg + H,0. 

III. Introduce burning taper ; it will be extinguished, and the 
gas does not burn. 

IV. Introduce burning magnesium ribbon ; it will continue to 
burn feebly, and black specks of carbon will be found along with 
MgO in tube. On adding HCl the MgO dissolves, leaving the C. 

Potassium or sodium heated on a deflagrating spoon and intro- 
duced in gas will glow brightly, also leaving black carbon. 

Dry Reactions. 

On ignition some carbonates easily lose GO,, others remain un- 
^changed. The carbonates of the fixed alkali metals are very little 

♦ So-called boiling tubes. 
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decomposed by heating with a blowpipe iiame in a platinum crucible. 
At very high temperatures they are somewhat volatilised. The acid 
carbonates of the alkalies are reduced by heat to normal carbonates, 
with evolution of CO^,. The carbonates of all other metals are decom- 
^ posed more or less readily into oxides (or metals), carbon dioxide (and 
oxygen) being given off. Barium and strontium carbonates require 
the strongest white heat for their decomposition ; calcium carbonate 
requires a strong red heat. 

Reactions in Solution. 

Ail normal carbonates — that is, M^^CO^ or MCO^ — may be 
divided into : 

1st. Carbonates which are soluble in water, consisting of the 
carbonates of the alkali metals, Li, Na, K, Cs, Rb ; they possess an 
alkaline reaction. 

2nd. Carbonates which are insoluble in water ; this comprises 
most other normal carbonates. 

3rd. Acid carbonates or normal salts in presence of carbonic acid 
in solution in \vater are soluble. They are all, however, precipitated 
on boiling their solutions, the CO,, escaping and a normal carbonate 
being thrown down. 

All carbonates are decomposed by dilute acids — oi'ganic or mineral 
(with the exception of HCyand SH,,). The decomposition is marked 
by effervescence and evolution of CO,,, On passing the evolved gas 
into a solution of calcium or barium hydroxide, the carbon dioxide 
forms a white precipitate (soluble inf*excess of the gas, with formation 
of acid carbonates). 

Metallic sulphites, sulphides, and nitrites are likewise decomposed 
by dilute acids, with evolution of a gas ; but the evolved SO.,, SH.„ or 
nitrous fumes are readily recognised by their characteristic odour or 
colour. In order to recognise 00^ in the presence of SO., or SH.„ 
the gaseous mixture may be first passed through a solution of a 
chromate or bichromate, or bromine w^ater, or a solution of a cupric 
or ferric salt, and finally into lime or baryta water. (See also 
methods of separation of CO,,, SO,,, &c., in Tables.) , 

CARBON MONOXIDE, CO. — Molecular weight, 28. Relative 
weight, 0*06799. — The gas (see anie) is perfectly neutral to vege- 
table colours, and sparingly soluble in water, which only dissolves 
about Jjj of its bulk at 15° 0. It is rapidly absorbed by cuprous 
chloride in hydrochloric acid ; also by ammoniacal solutions of 
cuprous salts. 

Carbon monoxide is a result of the reduction of CO^, by carbon 
and by most metals at a high temperature, or by combustion of 
carbon or carbon compounds at a high temperature, as when gun- 
cotton or similar substances burn. Some metals, as iron, and 
especially nickel, combine directly with CO, forming peculiar com- 
pounds, as Ni(CO) 4 , nickel carbonyl. The Ni carbonyl compound is^ 
formed by gently heating the metal in a stream of CO. The product is a 
liquid, the vapour of which decomposes below ared heat, bright metallic 
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nickel depositing. It is dilRcult to imagine the nickel to be more than 
divalent in tbi^ compound ; if so, its constitution ought to be 


CO 

i ^00 

Ni I 



Potassium also combines directly, the compound being very pro- 
bably K^C^Og or n(OOK) ; it is explosively decomposed by water. 

Experiments. 

Carbon monoxide can be prepared most easily from formic acid? 
HCO^H, by the action of 

I. The H2SO4 is heated gently in a distilling flask or ordinary 
flask, with cork, tap, funnel, and delivery tube, and the formic acid, 
or a formate, dropped slowly in. CO is evolved, and may be collected 
in several tubes over water. 

CO is very poisonous ; great care must be taken not to breathe any. 

If. To one tube introduce blue litmus ; it should be unchanged. 

III. Introduce a lighted taper ; it becomes extinguished, but the 
gas burns with a blue flame at mouth of tube. 

lY. Ignite another tube of the gas, and then pour in some baryta 
or lime water. 

Y. Pour lime or baryta water info a tube of the CO. It should 
not become milky, whilst in lY? it will, ov?ing to 200 + 02 = 2002, 
the action taking place when CO burns. 

YI. Transfer a tube of CO from the water to a small dish in 
which a solution of CugOlj in HCl has been placed ; the liquid will 
rise in the test-tube as the CO is absorbed. 


SULPHURIC ACID, HgSO^, is a very strong acid, and is capable of 
displacing, within a moderate range of temperature, almost all other 
acids from saline compounds. 

It forms with bases a series of very important salts — the sul- 
phates, some"^ of which have already been enumerated in treating 
of the natural compounds of the various metals. 

The acid is derived from the oxide SO3, which is produced to a 
small extent when sulphur is burnt in oxygen, SOg, sulphur dioxide, 
also forms SO3 when heated along with air in contact with platinum. 
This may be seen by introducing a red-hot platinum wire into a 
mixture of SOg and air or oxygen. It combines with water to form 
The precise “structure” of this substance is not known. 
It may be 

HO 0 O 0 -H 0 H 




The probability is in favour of the first. 
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On a large scale tRe acid is made by the oxidising action of nitric 
acidj and oxides of nitrogen, on SO^. This action can he repeated in 
a test-tube. Place a few drops of strong nitric acid in a test-tube 
and then drive in SO^ gas. Red fumes will hr*st appear, due to the 
action : 

SO, -f 2HN'03 = 4 - H- N,0,. 

, If the SO, supply be continued the red fumes cease and white 
crystals form on the tube, but if some water be added the crystals 
will disappear and a further quantity of H,SO^ will form. The 
white crystals are SO^N^O,,^ which with water give SO^H^O H- N, 0 ,. 
The latter escapes, mixes with air, and becomes ^*,0^. If plenty of 
w’ater be present at the beginning none of these crystals are formed 
but 2Si,0,. In the sulphuric acid manufacture this N,0, is brought in 
contact with air, so that it can act as a carrier of oxygen to the SO,. 

On heating the liquid in the test-tube until whitish fumes begin 
to form at the mouth of the tube all the excess of water and oxides 
of nitrogen are driven off, and a few drops of strong sulphuric acid 
(oil of vitriol) will be left (see ante). 

The action of this on a piece of filter paper or sugar should be 
noticed. The paper will turn black and a hole appear in it. The 
sugar also will blacken. Both actions are due to the absti-action of 
the oxygen and hydrogen from these organic substances and their 
combination with the strong acid in the form of water. The sub- 
stance HgSO^ can form a number of (^finite “ hydrates ” with water, 
and the combination is a very energetic one. 

Dry Reactions. 

On heating a sulphate on charcoal, in the reducing fiame, together 
with pure sodium carbonate, sodium sulphide is formed, thus : 

MgSO, 4- 20 + ISfa,003 - + MgO + 3C0,,t 

The fused mass when treated with an acid (HOI is best generally) 
gives off SH,, readily recognised by its odour. When placed on a 
bright silver coin and moistened with a drop of acid Reproduces a 
black stain of silver sulphide. This reaction on charcoal with .■Na 2 C 03 
applies, however, to all compounds containing sulphur. 

Heated by themselves, the sulphates of the fixed alkalies and 
alkaline earthy metals, as well as of lead, are not decomposed. 
Acid sulphates (HKSO^, <fec.) are converted at a bright red heat 
into normal sulphates, with evolution of sulphuric acid. Other 
met 9 . 11 ic sulphates become decomposed more or less speedily on 
ignition, giving off sulphuric or sulphurous anhydride and oxygen, 
according to the nature of the metal — e.y. : 

2 FeB 0 , = Fe ,03 + SO 3 + B 0 .>. 

OuSO^ = CuO + SO, 4 O. “ 

* Or NOgHSOg. As a matter of fact several compounds are contained in 
these white chamber crystals. ' 

f In some cases a sulphide of the metal previously there as sulphate is 
produced, although much Na salt is present. 
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By distilling, in retovts, a mixture of ferrous and ferric sulphates 
an acid kno’^n as Nordhausen sulphuric acid is made. Its com- 
position may be simplest represented as H.>S 0 ^S 03 , The action 
maybe: Fe,(SO,yOH), = Fe ,03 + H,SO, + SOV A dehnite com- 
pound can be obtained, on cooling, in crystals. On warming, however, 
SO 3 escapes. 

Reactions in Solution. 

A solution of potassium sulphate, K^SO^, or any soluble sulphate, ' 
may be employed. 

Sulphuric acid forms normal and acid sulphates, which are mostly 
soluble in water, the exceptions being barium and lead sulphates, and 
a few basic sulphates, which, however, are soluble in acids. 

BaOlg gives a white, finely divided precipitate of barium sulphate, 
BaSO^, insolulde in dilute acids. Care must be taken not to have 
too much free hydrochloric or nitric acid present, lest any of their 
barium salts be precipitated, barium chloride and nitrate being 
much less soluble in concentrated acids than in water. If a very 
dilute solution of a sulphate has to oe precipitated, the solution should 
be heated to boiling, and allowed to stand for some time after the 
addition of the barium salts. * 

This reaction distinguishes H^SO^ from all other acids except 
hydrofluosilicic acid, 2HF,SiF^, and selenic acid, H^SeO^, which are 
not by any means of common occurrence. 

Soluble salts of strontii\?n, calcium, and lead produce white 
precipitates of strontium, calcium, and lead sulphates, which are 
more or less soluble in large quantities of water : CaSO^ being the 
most soluble, in about 500 parts of water, SrSO^ dissolving in -- 
7000 parts of cold water, and PbSO^ in 22,000 parts of water only. 

Since barium salts answer every purpose, recourse is rarely had to 
these reactions in order to detect sulphuric acid. The addition of 
alcohol (methylated spirit), ensures the complete precipitation of 
strontium, calcium, and lead sulphates. Most soluble sulphates can, 
in fact, be precipitated from their aqueous solutions by the addition 
of strong alcohol, in which they are insoluble. 

In order to detect free sulphuric acid, the solution is evaporated 
to dryness on a water bath, together with a little cane sugar. A 
blackened or charred residue indicates free sulphuric acid, as no other 
acid is capable of decomposing cane sugar in like manner. 

An insoluble sulphate can be decomposed by continued boiling 
with a concentrated solution of an alkali carbonate ; more readily 
by fusion with alkali carbonates (fusion mixture) into a soluble alkali 
sulphate, and an insoluble carbonate or oxide of the metal, thus : 

BaSO, + Na^COj = Na,SO, + BaCO^. ! i i 

PbSO, + Na^CO^ = Na;SO, + PbO + CO,. 

i' i 

The fused mass is extracted^ with boiling water, and the insoluble ^ 3 
cai'bonate or oxide separated by filtration from the solution of the : ; j 
alkali sulphate. The residue is examined as usual for bases, and the ?| 
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solution for sulphuric acid, by acidulating with dilute hydrochloric 
acid (in order to destroy the excess of alkali carbonate^), and adding 
barium chloride. Calcium sulphate dissolves in ammonium sulphate 
containing a little free ammonia ; lead sulphate in ammonium acetate 
br tartrate, or in sodium thiosulphate, or in strong HCl. 

PERSULPHURIC ACID, — When sulphuric acid of 40 per 

‘cent, strength is electrolysed, the anhydride, SP;, of persulphmdc 
acid is produced. The acid itself has not been isolated. This anhy- 
dride decomposes on keeping, more rapidly on heating into SO 3 and 
oxygen. 

Salts of persulphuric acid are produced in a similar manner. The 
solution must be kept cold, and the anode should be a platinum wire, 
as high density of current at the positive pole is required. 

The persulphates are all soluble in water, those of potassium 
and barium being remarkable in this respect. is the most 

insoluble of the persulphates (1*77 in lOO water at 0°), whilst 
BaSo0s.4H.,0 is freely soluble. 

jhe dry persulphates decompose on heating, forming the sulphate 
and liberating SO 3 and 0.,. In solution, they slowly decompose. They 
are strong oxidising agents, oxidising ferrous salts readily, and from 
solutions of many metallic salts precipitate higher oxides. 

Persulphates do not decolorise permanganate solutions, but 
slowly liberate iodine from KI. 

Persulphates are used to some extent in analysis and for photo- 
graphic purposes (reducing contrasts ” in negatives). 

Tests, 

BaClg gives no precipitate with persulphates. On heating the 
dry salt and making a solution of the residue (except in the case of 
Ba and Pb), the addition of BaGl^ gives a precipitate. K^Mn^Og is 
not decolorised (distinction from 

Chromium salts, as the sulphate or chrom-alum, are converted by 
a persulphate, in the presence of excess of an alkali hydroxide, into 
alkali chromates. 

TiO., in strong H^SO^ gives no coloration (distinction from 
A solution of a persulphate, made alkaline with 
acts rapidly on zinc, cadmium, copper, and other metals. 

SULPHUROUS ACID. — Obtained as a gaseous anhydride, SO,, 
whenever sulphur is burnt in air or oxygen, or when metallic sul- 
phides (pyrites, blende, galena, tfec.) are roasted with free access 
of air ; also by the partial deoxidation of sulphuric acid by means of 
metals, such as Cu, Hg, Ag^ or charcoal and various organic bodies, 
sulphur, &c. The gas is readily soluble in water, forming an acid 
solution, which combines with bases, and forms a series of salts, 
normal or acid, termed sulphites. They are characterised by the , 
tendency they exhibit to absorb oxygen and become converted into 
jsulphates. 
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xperiments (see also '' Sulphur/’ ante). ^ ; | 

SO., is V6ry hoavy, and can easil}^ b© collected in tubes by down-^ | 
rard displacement of air. 

Prepare a few tubes of the gas by heating mercury on any other : 
letal (a few grams) with strong sulphuric acid in a small distilling" 
ask or test-tube, with cork and delivery tube. 

I. In one introduce blue litmus paper ; it becomes red. 

II. A burning taper is extinguished, and the gas does not in* 
lame. 

III. A piece of ignited magnesium ribbon continues to burn, 

,nd some sulphur will be found amongst the MgO. 

lY. A piece of filter paper moistened with permanganate will 
lecome colourless, moistened with bichromate will become green. 


)ry Reactions. 

Sulphurous anhydride is recognised by its characteristic odour- — - 
dz., that of burning sulphur. It combines i^eadily with metallio per- 
)xides, such as MnO^, PbOj,, with formation of the corresponding 
mlphates. In order, therefore, to remove SO^, from a gaseous mixture, 
}he latter may be passed over PbOg. 

Most metallic sulphites are decomposed by heat into sulphates and 
sulphides, thus : INa.^SOg = 3 ]Sfa. 2 S 04 + SNa^. 

A few sulphites break up, on heating, into oxides and sulphur 
lioxide. 


Reactions in Solution. 

A solution of sodium sulphite, Na^SOg, may be employed. 

Sulphites are shown by the action of dilute sulphuidc or hydro- 
chloric acid upon them ; sulphurous anhydride, 80^, is liberated, and 
readily recognised by its pungent odour. 

The only sulphites soluble in water are the alkali sulphites. 
Normal barium, strontium, calcium, and magnesium sulphites, though 
insoluble in water, are dissolved to a great extent by sulphurous acid, 
with formation of acid sulphites, from which the normal salts are 
reprecipitated on boiling. (See “ Carbonates.”) They are also soluble in 
dilute hydrochloric acid (with decomposition) ; but on the addition of 
an oxidising agent, such as chlorine water, free iodine, sodium hypo- 
chlorite, nitric acid, &c., they are converted into sulphates, some of 
which are insoluble. (See Sulphuric Acid.”) 

Commercial sulphites generally contain sulphates as impurities. 
A precipitate consisting of barium sulphate is, therefore, frequently 
obtained on adding barium chloride to an acidulated solution of a 
soluble, or to a dilute hydrochloric acid solution of an insoluble, 
sulphite. 

On filtering off the precipitate, and adding chlorine water to 
the filtrate, a further precipitate is obtained, showing the presence of ^ 
a sulphite. 

* Traces of sulphurous acid are distinguished with difficulty by 
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the odour alone, and it is preferable, therefore, to make use of the 
deoxidising as well as oxidising action which the acid can exert. 

1 . Sulphurous acid acts as a powerful reducing agent. 

AgN03 gives with sodium sulphite a white precipitate of silver 
■sulphite, Ag.^SO^, soluble in excess of the alkali sul]3hite. The pre- 
cipitate blackens on heating, owing to the separation of metallic 
silver, according to the equation : Ag^SOa + “ -^^2 + H^SO^. 

Hg.,(N03)o produces a grey precipitate of metallic mercury, thus : 

Na,S03 + Hg,(N03), 4- = hXSO, + 2HNO3 + 2Hg. 

The instances of the reducing action of sulphurous acid are very 
numerous ; its action upon solutions of AuCi.^, IT,CrOj, Fe^,G]j., and 
others, already noticed under the respective metals, need" not be 
repeated here. 

2. Under favourable circumstances sulphurous acid acts as an 
oxidising agent, especially when brought in contact with other more 
powerful reducing agents, such as nascent hydrogen, vSH^„ SnCl^>, &c. 
Thus, by introducing the least trace of SU,, or a sulphite, into a 
flask, in which hydrogen is generated from zinc and hydrochloric 
acid, SH., is immediately evolved, along with the hydrogen, and may 
be recognised by its odour and action upon lead paper. The change 
may be expressed as follows : SO^ -h ~ SH^ 4- 20H2- 

S0„ and SH^ give rise to the formation of pentathionic acid, with 
precipitation of white sulphur, according to the equation : 

5S0. + oSH, = HgSA + S3 4- 40H,. 

Pentathionic 

acid. 

Sulphurous acid added to stannous chloride in the presence of 
hydrochloric acid gradually precipitates yellow SnS^. The stannous 
chloride reduces the sulphurous acid, and the sulphuretted hydrogen 
and stannic chloride immediately react, with the production of SnS^. 
The following equations express the changes : 

■9 

(1) SO, 4- 3SnCl2 + 6HC1 = BSnCI, 4- SH2 + 2OH2. 

(2) SnOl, + 2SH, = SnS, = 4H01. 

YelloV 

stannic sulphide. 

(See also Phosphorus ” and Arsenic."') 

• An extremely delicate test for SO^ is its decolorising action on 
a solution of permanganate. This should be only of the faintest pink 
tint ; the liberated gas is decanted into a test-tube and shaken with 
the permanganate. 

THIOSULPHUROUS ACp (thiosulphuric acid). — This acid can 
only be kept for a short time in a free state in aqueous solution."* 
Its sodium salt is an important compound, and may be obtained by ^ 
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boiling a solution of sodium sulphite with sulphur,* or by the 
oxidation of sodium persulphide by contact with the air. 

Dry Reactions. 

All thiosulphates are decomposed on ignition. Alkali thiosul- 
phates leave a polysulphide and a sulphate, thus : 

iNagSgOg = SgKag + SNaoSO^. 

Some sulphur burns off if the heating take place in air. 


Reactions in Solution. 

A solution of sodium thiosulphate (^* hyposulphite Ka^S.^O^, 
is the commonest and most easily soluble salt. 

Most thiosulphates are soluble in water (barium thiosulphate is 
diiiicultly soluble in cold water), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcium thiosulphate 
is gradually decomposed on boiling, the precipitate consisting of cal- 
cium sulphate and sulphur. When thiosulphates are treated with 
sulphuric or hydrochloric acid, sulphurous anhydride is evolved and 
sulphur is separated. The precipitated sulphur is yellowy and not 
white, as is usually the case when sulphur sepai’ates in chemical 
i-eactions. The change characterises thiosulphates. 

The same instability of the sulphur atom, occupying the place 
of an atom of oxygen in sulphuric acid, is observed when thiosul- 

* The action here is similar to that when a sulphide takes up 0 and 
becomes a sulphite, or when a sulphite takes up oxygen and forms a sulphate. 
The sulphur in thiosulphates is undoubtedly in two different states, which 
may be expressed by the formulse ; 

H 

/ 

O 

H-O ^ 


But it is also'^ery probable that sulphites contain one hydroxyl, and the other 
hydrogen is directly attached to the sulphur : 

H 


pr rv Q — O 

1=0 the Other form being 0 
H 


\ = 0 


-OH 


This sulphate may correspond to the formula given under sulphuric acid ; 

H 

H-0 




but, as before stated, proof is wanting to decide which is most likely. 
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phates come in contact with salts -whose metals form insoluble 
sulphides. ^ 

AgNO, gives a white precipitate of silver thiosulphate, Ag.S,0,, 
soluble in sodium' thiosulphate, which speedily turns yellow, "then 
thrown, and liistly black (SAg,), especially on the application of heat, 
thus : Ag.,S,0;} 4- OPE = SAg, + PI .SO^. 

Mercurous nitrate and lead acetate give similar precipitates, 
^ which are decomposed by heat into Hg,S or PbS, and sulphuric 
' acid. 

SnOl^, gives a brown precipitate of SnS. 

Thiosulphates, like sulphites, are readily oxidised, but yield, 
under certain conditions, oxygen to more powerful reducing agents, 
and thus become oxidising agents. 

Free chlorine, sodium hypochlorite, ferric chloride, &c., oxidise 
thiosulphates in the presence of water completely to sulphates, even 
when cold, thus : 

Na,8/), 4- 4C1, 4- 50PI, = ^IINaSO, + <^IPCL 

Na^,S^,Oj -h POlNaO 4- OIP^, — ::^PIAhiSU, 4- PNaCl. 

NapSp., gives with P^e^Olg at first a reddish violet coloration 
(difierence between sulphites and thiosulphates), but on standing 
the solution is slowly decolorised (more readily on heating), with 
formation of F'eCl,, thus : 

Na,S,0, 4- IFe.OI,. 4- 30H., = 2NaHSO, 4- 8FeCl., + 8KCL 

Nascent hydrogen reduces thiosulphates, and sulphuretted 
hydrogen is evolved : 

Na^A + + -"HCl = 2m, 4- dOlI, + 2Naa]. 

Some sulphur is always precipitated as well. 

Sodium thiosulphate is a useful solvent for haloid silver salts (for 
which it is much used in photography), Hg^OI., and PbSO^. Calcium 
thiosulphate, CaHDa, is used as an agent for removing the last traces 
of chlorine in the bleaching of paper pulp, and from fabrics bleached 
by means of bleaching powder, to prevent their deterioration by the 
traces of chlorine which they are apt to retain. It has on that 
account received the name of antichlor.'' The free hydrochloric 
acid which is formed in the reaction is neutralised by passing the 
fabrics through a weak alkali bath. Sulphites are also used for 
this purpose. 

^The property of sodium thiosulphate of dissolving AgCl has 
found an important metallurgical application in the removal of silver 
from poor argentiferous ores, after they have undergone the process 
of roasting with common salt, which converts the silver into AgCl, 
insoluble in water. 

A still lower oxide of sulphur, SO or SA, the hydrate of which 
is probably ASOg, is obtained in combination when metallic zinc is 
placed in a solution of SO^ in water. No gas is evolved at first, but 
the solution becomes coloured brown, a zinc salt, which rapidly 

> 17 
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decomposeft, being formed. Yery little is known with certainty 
about the compounds so produced. Metallic zinc dissolves also in 
hydrogen sodiuln sulphite ; the reaction may be : 

2(]SraHS03) -h Zn = FLO 4 - Na,ZnS, 0 ,, 

It is a very powerful reducing agent, precipitating the metal from 
salts of copper or lead, bleaching indigo and other colouring- 
matters, &c. 

HYDROSULPHURIC ACID (sulphuretted hydrogen), is 

obtained as a colourless gas by the decomposition of certain metallic 
sulphides, such as FeS, ZnS, Sb^S^, by means of sulphuric or hydro- 
chloric acid. It is chai'acterised by a foetid odour, resembling that 
of rotten eggs. It is absorbed by cold water, forming sulphuretted 
hydrogen water, wdiich reddens blue litmus paper feebly. Uydro- 
sulphuvic acid exchanges its sulphur for the oxygen of most metallic 
oxides, forming water and metallic sulphides, and is on this account 
a most valuable reagent. Many native sulphides — c.y., iron pyrites, 
galena, cinnabar, zinc blende — are met with in vast masses, and con- 
stitute the principal minerals from which the metals are extracted. 

Dry Reactions. 

Metallic sulphides are acted upon in various ways when sub- 
mitted to heat. Some are decomposed, when heated in a close 
vessel, into metal and sulphur — e.y., Au^S.^ ; some sulphides, such as 
PtS^„ FeS^, Sb^S-, SnS^„ PbS, yiel& up a portion of their sulphur, and 
are reduced to PtS, Fe^S^ or FeS, Sb2S3, SnS, Pb^S ; others sublime 
without decomposition, such as As.,B'^ (orpiment), HgS (cinnabar). 
A great number of metallic sulphides remain, however, undecom- 
posed, when heated out of contact with atmospheric air. 

. Most siilphides undergo a change when roasted in a tube open at 
both ends. SAg^ leaves metallic silver (usually also a little Ag^SOJ ; 
the sulphur, combining with oxygen, passes off as SO^. Some sul- 
phides leave a metallic oxide — e.g.^ SnS, Sb^S.,, others, again, 

such as the svilphides of the alkalies and alkaline earthy metals, are 
converted into sulphates. Lead sulphide (galena) is converted into 
a mixture of oxide and sulphate ; cupric sulphide, when roasted at a 
high temperature, yields SO^ and OuO, at a lower temperature 
OuSO^. FeS and other sulphides of the iron group are partially 
converted into sulphates, which, on the application of a stronger heat, 
lose their acid, leaving metallic oxides. Many native metallic sul- 
phides are distinguivshed for their metallic lustre, such as iron ai^i 
copper pyrites, galena, gi^ey antimony, <fc:c. 

Reactions in Solution. 

Alkali and alkaline earthy sulphides are soluble in water (OaS 
and MgS are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readily into metallic chlorides and SH.^. Ail other 
^ sulphides are insoluble in water. FeS, MnS, ZnS are decomposed 
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by dilute hydrocliloric acid, with evolution of sulphuretted hydrogen. 
Others require concentrated hydrochloric acid, such as NiS, CoS, 
Sb.,S,. SuS.,, PbS. The rapidity of the action of acids on sulphides 
depends very much on the physical state of the latter. Sulphides 
which are insoluble, or difficultly soluble, in concentrated hydro- 
** chloric acid, such as Bi.S.j, CuS, SAg^„ PbS, As.S^, are decomposed 
by concentrated nitric acid ; they are generally oxidised into sul- 
phates — at first with separation of sulphur, which by prolonged 
digestion is for the most part converted into sulphuric acid. Others, 

' such as HgS, PtS.,, Au,*S. (As^,S.j), dissolve easily only in aqua regia, 
or hydrocliloric acid and potassium chlorate, with separation of 
sulphur and formation of bulpLuric acid, and of a metallic chloride. 
On dissolving PbS, >SnS^„ As^,S, in concentrated nitric instead 

of hydrochloric acid, they are converted principally into PbSO^, 
SnOo, Sb,Oj, H.jAsOj. 

To detect (in an aqueous solution) or a soluble sulphide (a 
solution of ammonium sulphide may be conveniently employed for 
illustration), add a solution of a salt of cadmium, lead, or silver, 
which gives by double decomposition a characteristic jirecipitate of a 
metallic sulphide — fine yellow for cadmium, black for lead or silver 
salts. 

To examine a sulphide decomposable by hydrochloric acid, the 
evolved sulphuretted hydrogen gas is made to act u^^on lead paper 
or is passed through a solution of a lead salt. (Iron pyrites and 
copper pyrites give off SIT, in the presence of zinc only.) 

Sulpiiides which are not decomposed by hydrochloric acid yield 
sulphur on treatment with niti-ic acid or aqua regia, and must ])e 
recognised by this and the products of decomposition, such as 
PbSOj, as well as the reactions which they give when examined in 
the dry way. 

Many native sulphides, such as fahl ore, tfcc., are expeditiously 
examined by heating the finely powdered mineral in a hard glass 
tube, in a current of dry chloiine gas, when the metals are converted 
into chlorides and the sulphur into volatile chloride of sulphur, which 
is decomposed on being passed into water, HCl, and S 

resulting. '> 

To detect a soluble alkali sulphide in the presence of free SFT„ 
add a few drops of a solution of sodium nitroprusside. This reagent 
does not affect free SH,^ but gives a fine pinqfie colour with the 
merest traces of soluble sulplji-Ics. The colour disappears only 
after some time. It does not show in the presence of free alkali 
hydroxides.^ 

mixture containing a soluble sulphide, thiosulphate, sulphite, 
or sulphate may be examined by adding cadmium carbonate, 0dC03, 
to the aqueous solution. Filter after agitation, dissolve the excess of 

* Hodium nitroprusside, Fe(CN)4]S!'OCNNa.^, may be readily prepared by 
heating a few crystals of potassium ferricyanide with concentrated nitric acid 
in a test-tube until red fumes are copiously evolved, then diluting with water, 
and neutralising with sodium carbonate. The solution may be used directly ’ 
for testing for sulphides. (Playfair.) 
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OdCO-i in the precipitate by means of dilute acetic acid ; a residue of 
yellow CdS indicates the presence of a sulphide. Add BaCl^, to the 
nitrate ; a precipitate is obtained consisting of BaSO^ and BaS03. 
Filter off ; digest the precipitate with dilute hydrochloric acid, and 
filter. A white residue shows the presence of a sulphate. Add 
chlorine water to the filtrate ; a precipitate of BaSO^ indicates the 
presence of a sulphite. The filtrate from the BaOL> precipitate is 
examined for thiosulphates by the addition of HCi and boiling. A 
precipitate of yellow sulphur and the odour of indicate the 
presence of a thiosulphate. 

To remove from a gaseous mixture of CO.^ and shake 
up a solution of cupric or cadmium chloride with the gases. 

Experiments. 

BHg being heavier than air, can be collected in tubes by downward 
displacement. The most convenient mode of preparation is by acting 
on FeS with HCI. It can he done in a flask or tube, with delivery 
tube. Aluminium sulphide is also convenient, as it is decomposed 
by water. 

I. Blue litmus paper, when moist, is reddened. 

II. A taper is extinguished, but the gas burns, forming water, 
which will make a deposit of moisture on a cold substance, and a 
little SO3 and some sulphur will be deposited on the sides of the tube 
as the flame sinks. 

III. A piece of paper moistened with lead acetate is turned black 
on immersion in the gas ; a silvdl* coin placed on the top of the tube 
will also be blackened. 

NITRIC ACID, HNO,^, is obtained as a colourless, highly cor- 
rosive distillate when nitrates are gently heated with strong sulphuric 
acid, and the vapour which arises condensed. It is characterised 
by the facility with which it parts with its oxygen, and it is on this 
property that the detection of nitric acid or a nitrate depends. 
Crude nitric acid is yellow, because of partial decomposition into 
nitrous acid, <ind presence of oxides of nitrogen. 

Dry Reactions and Experiments. 

Most nitrates fuse readily when heated. All are decomposed 
when heated to a high temperature. The decomposition products 
vary with the nature of the base, and to some extent with the tem- 
perature employed, an oxide of nitrogen and oxygpn generally being 
given ofi‘. Thus, ammonium nitrate, breaks up into OIL 

and 2(0H2) ; potassium^ or sodium nitrate into nitrite (always con- 
taminated, however, with nitrate and oxide), with liberation of 
oxygen, and ultimately, on the application of a stronger heat, into 
oxide or peroxide — nitrogen and oxygen being given off; others, such 
as lead nitrate, into 0 and leaving the oxide of the metal. 

•^When heated together with substances capable of taking up oxygen, 
such as carbon, charcoal, alkali cyanides, sulphur, or phosphorus, the 
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decomposition becomes explosively violent, and free nitrogen gas 
only is liberated. (Oiilorates explode in like manner, but leave 
metallic chlorides.) 

Reactions in Solution. 

With the exception of a few basic salts, nitrates are readily soluble 
in water ; hence nitric acid cannot be detected in the usual waj — 
that is, by producing precipitates bj’ double decomposition. hen 
acted upon by reducing agents, nascent H, the deoxidation of 
the acid may be partial, to some of the lower oxides of nitrogen, or 
complete to nitrogen, or to ammonia or hydroxylamine. 

Quite a number of intermediate products can be obtained from 
the action of nascent hydrogen on nitrates. 

KDi or NO, 

n:o, 

N.;0., or NO 
N'O' 

NH,OII 

nh;. 

1st. Reactions in which nitric acid is reduced to oxides of 
nitrogen. 

Dilute nitric acid, or a solution of potassium nitrate, IvNO.^, may 
be employed. ^ 

Nitric acid and nitrates are decomposed w’hen heated with con- 
centrated hydrochloric acid (or a chloride when heated with nitric 
acid). Nitrosyl chloride, NOOl, and chlorine are evolved, and the 
liquid acquires the power of dissolving gold leaf or platinum foil (see 
these metals) because of the chlorine produced. (Chlorates, bromates, 
iodates, chromates, and permanganates also evolve chlorine when 
treated with hydrochloric acid.) 

Pour some concentrated sulphuric acid (free from nitric acid) 
upon a little potassium nitrate, in a dry test-tube, see that the 
mixture is cool, and then add gradually a solution of ferrous sulphate 
so that it lies upon the sulphuric acid — not mixing with it — or, better, 
a few crystals of ferrous sulphate. A ring is seen to form at the 
point of contact of the two layers, or around the crystals, of a violet- 
red or dark brown colour, according to the quantity of the nitrate 
present. The coloration is increased by rery slic/ht agitation, but it 
disappears on heating. This is owing to the formation of a transient 
compound of the ferrous salt with N,0, (-J-FeSO^jNgOo). The other 
three atoms of oxygen from twm molecules of nitric acid oxidise six 
molecules of ferrous into three molecules of ferric sulphate, Fe 2 (SOj 3 , 
This is the usual method by which nitric acid is detected. The change 
may be expressed thus : 

lOFeSO, -h 8H,SO, -f 2HNO., - SFeiSO,), + 4FeS0„N,0., + 

■' 40X>. 

A solution of a nitrate, when added to a hot solution of indigo 
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ill sulphuric acid (sulphindigotic acid), changes the blue colour of 
the indigo to yellow, (Free chlorine and other oxidising agents also 
bleach indigo.) 

Metals, Oil, Ag, Zn, Pb, or Hg, are dissolved by nitric acid, with ^ 
evolution of ruddy fumes, and also by a mixture of a nitrate with 
strong sulphuric acid. A similar reaction takes place when copper 
filings are mixed with a nitrate and hydrogen potassium sulphate 
and fused in a test-tube or crucible. 

2nd. Reactions in which nitric acid is entirely reduced, 
and its nitrogen converted into ammonia. 

All nitrates when fused with caustic alkalies, lime, or soda-lime, 
and some non 'nitrogenous organic substance, such as sugar or starch, 
evolve ammonia. 

The gas may be readily recognised by its odour, or action upon 
red litmus paper. The experiment may be done in a test-tube. 

Nascent hydrogen, produced by the action of KHO upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of ammonia, thus : 

(1) Zn + 2KHO = Zn(KO), -1- H,. 

(2) KNO3 + 4H, = NH, “ -1- KHO -h 20H,. 

When stannous chloride, hydrochloric acid, and a nitrate are 
heated together, the tendency <pf the stannous chloride to combine 
with tw^o more atoms of chlorine to form stannic chloride, aided by 
the oxidising action of nitric acid upon the hydrogen, breaks up 
hydrochloric acid, with formation of stannic chloride and ammonia, 
tjhns ; 

4Sn01, + KNO3 + lOKOl = 4SnCl, H- NH.Ol + KOI -h 30H,. 

Nitrates gently heated together with ammonium salts, as KNO^ 
and NH,^0], give nitrous oxide as one product : 

KNO, -f NH,C1 = KOI -f H,0 -p N,0. 

N^O supports the burning of a glowing match. 

To detect free nitric acid in the presence of a nitrate, evaporate 
the solution on a water-bath with quill cuttings or white wool or 
silk. Nitric acid colours these substances yellow. 

Ammonium nitrate and the nitrates of other amines behave in a 
somewhat peculiar manner with metals and some benzenic com- 
pounds. 

NITROUS ACID, HNO^. — Both the acid and anhydride are marked 
by their proneness to undergo decomposition, in the presence of 
, water, into nitric acid and nitric oxide. 

^ The KHO represented here is in practice further changed by the metal 
employed. ^ 
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Dry Reactions. 

Nitrites fuse and are decomposed on ignition into oxides, with 
evolution of nitrogen and oxygen. jVIixed with carbon, potassium 
cyanide, sulphur, and other oxidisable bodies, nitrites deflagrate 
like nitrates, with w’hich they have, in fact, most of the dry reactions 
in common. 

Reactions in Solution. 

All nitrites are soluble in vrater ; silver nitrite, AgNO.„ although 
readily soluble in hot water, is somewhat difficultly soluble in cold 
water (300 parts), and serves for the preparation of pure nitrites, 
by double decomposition with neutral soluble chlorides. Dilute 
acids liberate N.,0.> and convert a portion of the nitrite into nitrate, 
thus : 3KNO, - N,0, + KNO^ + K,SO, + 

The reactions by which the presence of nitrous acid can be 
readily recognised may be divided into two classes : 

1st. Reactions in which the acid acts as an oxidising agent. 

SH., decomposes aqueous solutions of alkali nitrites, with forma- 
tion of NDo (of NH 3 when the reaction goes on for some time) and 
alkali sulphides, thus : 

2KNO, -I- 2SH, = NA + 20H, -{- SJx,. 

In acid solutions the decomposition is accompanied by a copious 
sepax’ation of sulphur. 'i 

Acid solutions of ferrous salts are turned dark brown on addition 
of a nitrite, owing to the absorption of N^,Oo gas by a portion of the 
unoxidised ferrous salt. On the application of heat N^O^ is evolved, 
thus : 

2FeCl2 + 4HC1 + 2KNO, = Fe^Cl^ + 2KCi -f N^O, -h 20H,, 

Ammonium nitrite, N 02 (NHJ, breaks up on the application of 
heat into N and OH^. Nitrites containing fixed bases are decom- 
posed in like manner on the addition of an ammonium salt, thus : 

y . 

(NH,),003 4- 2E:N0, = N, 4- 40H, 4-' K.CO^. 

KI and starch solution give in the presence of a nitrite and a 
dilute acid blue iodide of starch. (See also HI.) 

When a very dilute solution of a nitrite — say a polluted well 
water — is added to a cold saturated solution of sulphate of diamido- 
ffienzoic acid and the nitrous acid liberated wdth a few drops of 
dilute acid (H,SO^), the solution acquires an intense yellow colour. 
As little as 4 mgr. of N.D 3 difiused in one litre of water can thus 
readily be discovered. "Diphenyiaraine dissolved in an acid, as HOi, 
gives a blue colour with a minute quantity of nitrous acid. The 
HOI compound of phenylenediamine is even more delicate in its 
indication, a rosy colour being produced. Possibly the most delicajbe 

* As performed in the usual way, red fumes are always produced, due t(^ 
formation of N2O3 and NOg by contact of the 11202 with air. 
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test for nitrous acid is a mixture of a-naplit3?lamine and sulpliaiiilic 
acid dissolved in a slight excess of Exceedingly minute 

quantities of UNO, give with this ^ reagent lovely rosy red 
coloration, due to the formation of a diazo derivative. 


NIT., 


a-naphtylamine = OjoHyNIIg. 

NFL 


= sulphanilic acid = OgH^NH^SO^H. 


SO3H 


The reagent should be made by dissolving equivalent weights of 
a-naplitylamine and sulphanilic acid in moderately stiong 
This solution should be colourless. A. few drops only of the solution 
to be tested is dilated with twenty to fifty times as much water and 
one cubic centimetre of the a-naphtylamine solution added. A rosy 
pink colour should appear within ten minutes. 

The test is somewhat too delicate for most ordinary purposes. 


2iid. Reactions in which the acid, acts as a reducing agent, 
and is converted into nitric acid, thus : 

2HNO3 + 63 - 2HNO3. 

AuOlj and Hg^Olo give metallic gold and grey metallic mercury 

respectively. . . „ 

K^Mn^Og oxidises nitrites into nitrates in the presence ot a 
mineral acid (H.SOJ, and the permanganate solution is rapidly 
decolorised, especially if the solution be warmed. 

Potassium dichromate is reduced under similar conditions to a 
green salt of chromium. Nitrates are not affected by potassium 
permanganate^ or alkali chromates. 

PbO, converts HNO., into HNO3, but does not act upon very 

dilute HNO3. 

Hydroxylamine, NH.,OH, is formed in many processes ^ of 
reduction of oxides of nitrogen as a preliminary to the formation 
of ammonia. Tin and nitric acid produce a little, the hydrogen 
displaced from the acid by the tin reacting thus : ^ 

HNOg -f BH3 - NH,OH + 2H3O. 

Salts are known, as NH^GHHCl and NH3OHHNO3, but they 
•are somewhat unstable, and the free base more so. Cupric salts 
are reduced, in alkaline solutions, to cuprous oxide (characteristic 
reaction), and mercuric salts to mercurous. 

. Hydrazine, N^H^, can be looked upon as diamidogen, the 
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semi-molecule, NIT,, of which was supposed to exist in combination 
in amides. Tne substance may be obtained by seve-j’al oi’ganic 
rcactionSy and aEo by the action of sodium amalgam on an aqueous 
solution of potassium nitrosyl sulphate, This substance 

’is formed when sulphur dioxide is passed into a solution of potassium 
nitrite. NTI, is gaseous, but dissolves in aiid forms a compound 
with water, NA-1,H,0, which boils at 118*5'^, The anhydrous 
^compound boils at ll.']'”'. It forms salts with acids, as N.,TI,HC1, 
X^Hi-HCL and This sulphate is one of the least soluble 

of the hydrazine salts. The base itself has a powerful reducing action 
on salts of Ou, Ag, lig, S:.c.y at ordinary temperatures. Platinum 
and gold solutions are immcdiatel}' reduced. 

N 

H 3 ’drazoic acid, was first obtained from organic compound 

of hydrazine. It can be obtained as a sodium salt by the action o** 
N.,0 on sodium amide, NH..Na. 

2NaNH, + K,0 - NaN, + XaOH -f XII,, 

This mode of preparcution is dangerous. 

Hydrazine sulphate and nitrous acid react, analogously to the 
diazo reaction, thus : 

?>X.;H,H.S0, 4 - GXaXO, + = 2X,H + 8H.,0 + 

GKliBC), + O, + X, + 2X0 (?). 

The pure substance is a very volatile and evil-smelling liquid, 
which boils at B7", and is most highly explosive either as liquid, 
vapour, or in solution. Its solution is acid, and dissolves zinc and 
other metals, giving crystalline salts, which also explode most violently 
when heated. 

The ammonium salt has the composition X,HXH,. It is a white 
crystalline compound which flashes off on contact with a flame, and 
detonates on percussion or heating in a closed vessel. It is probably 
the most powerful explosive at present known. The silver salt, 
AgX,, is formed as a white, very insoluble precipitate on addition of 
a sohition of hydrazoic acid to any soluble silver salt. It closely re- 
sembles silver chloride in appearance. On heating or percussion it 
explodes with extreme violence. 

HYDROCHLORIC ACID. — Hydrogen chloride, HCl, is readily 
absorbed by water, and forms one of the most useful acids. Chlorides 
are an important class of chemical compounds, and are very widely 
disUibuted in nature. 

Some chlorides ai’e liquid at the ordinary temperature, and can be 
distilled without decomposition, such as SnOl^, and CCl^ ; SbCl, 
is a soft, white, crystalline solid which distils at 225'' C. ; others are 
solid, but fusible at moderately high temperatures, but not very 
volatile until heated to temperatures such as the melting-points of 
copper or platinum. 

Most chlorides seern to be more volatile in a current of air, but 
^me decomposition always occurs. 
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Expepiments^(see aMe). 

I. HCl is given off as a gas wlien a chloride is treated with 
strong KaCl, sodium chloride, is the substance used for the 

source of chlorine, hydrochloric acid, and of sodium compounds: 
Arrange a large test-tube or flask with delivery tube, charge with 
common salt, and drop on to this strong The gas will escape 

and be nearly dry. NaCi + — NaHSO,^ + HCl. It is not neces- 

sary to heat the substances.” Several dry tubes may be filled by 
the gas by downward displacement, and then covered with a waxed 
plate. 

]Sr.B. — The most convenient covering for a test-tube in which a 
gas has been collected is a watch-glass in which some paraffin wax 
has been melted and allowed to become almost 
solid, and the wax then gently pressed on the 
top of the test-tube. 

Place in the tube a piece of well dried blue 
litmus; notice the colour hardly changes until 
moisture has been absorbed also notice the 
white fumes when the gas comes in contact 
with moist air. 

II. Introduce a burning taper. It is ex- 
tinguished and the gas does not ignite or burn, 

III. Pour in lime water ; remains clear. 
lY. Introduce quickly into a tube of the 

dry gas i little zinc or magnesium filings or 
aluminium foil, shake up for a minute, holding 
the waxed cover tightly on, and then test the gas in the tube with a 
flame. 

It should burn with a flame like hydrogen, because ; 

Mg + 2HC1 = H, + MgOl,. 

Y. A tube of the gas should be inverted with the mouth under 
cold water, and then the cover removed ; water should enter the 
tube, almos^t filling it. Litmus placed in this water is reddened. 

YI. A gram or so of MnOg, or K^Mn^Os, or PbO^, in powder, 
dropped into a tube of HOI, liberates a little chlorine. After stand- 
ing a minute or so a piece of blue litmus should be bleached on 
placing in the gas. 

Reactions. 

Upon ignition certain chlorides, such as AuCl.^, PtCl^, are decom- 
posed, with evolution of chlorine gas, first into AuCl and PtOI^, which 
are almost insoluble in water, and finally into Au and Pt. Magne- 
sium chloride is decomposed by heat in the presence of water into 
oxychloride, with formation of HOI. Anhydrous ferric chloride, 
when heated in contact with air, is decomposed into Fe^O^ and 301 
Similarly with aluminic chloride, which also decomposes very energe- 
tically with water and substances containing hydroxyl, or with certain 
hydrocarbons^and halogen compounds. 



Fig, 92. 
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Heated ill a bead of microco.sinio salt saturated with cupric oxide, 
chlorides impart a blue colour to the outer flame, owiiTg to the forma- 
tion of volatile CuCl,. 

When a dry chloride is mixed with potassium dichromate and 
concentrated sulphuric acid, and gently heated, a deep brownish red 
gas, called chlorochvomic acid or chromylic chloride, CrO._,OI.„ is 
formed, and can be collected in a receiver. It is a deep red, almost 
black lir|uid. The reaction taking place is expressed by the equa- 
tion : 

-IXaCl -f = 2Cr0_,01, -h 2Xn,SO, + 

Chlorochromic acid 
or chromj'l-chloride. 

q- mil,. 

This liquid is decomposed, on mixing with water, into chromic 
and hydrochloric acids, thus : OrO^,Gi.,-i- = H_.CrO,-l- 2H01 ; or 
by aqueous ammonia or potassium hydroxide into the correspond- 
ing salts. The presence of chromic acid, and indirecili/ of hydro- 
chloric acid, is inferred from the yellow precipitate which a lead salt 
produces with these solutions. 

The reaction may be employed for recognising a chloride in the 
presence of a bromide or iodide. The two latter are liberated as Br 
and I respectively, and on the addition of sodium or potassium 
hydroxides are dissolved to a colourless solution. 

To make sure in case of a miature it is better to test for Or 
in the aqueous solution of the distillate either by the hydrogen- 
peroxide reaction or with a bead of sodium carbonate. (See “ Chromic 
Acid.”) 

Chlorides may be divided into : 

Isb- Chlorides insoluble in w’ater, such as AgCl and Hg^Clo, 
which are quite insoluble; PbCl 2 , soluble in 185 parts of cold 
water, readily soluble in boiling water ; and CiuClg, almost insoluble 
in water, also in dilute sulphuric acid ; soluble in ammonium hy- 
droxide, HCi and XaCl solutions. AuCl and PtCh are almost 
insoluble in water, but form soluble double salts w-itff a number of 
other chlorides. 

2nd. Chlorides 'which are soluble in water, comprising most other 
chlorides. The chlorides of the more positive metals, as K, Na, Ba, 
&c., are less soluble in aqueous HOI and strong acid solutions than 
in OH^. 

Some chlorides of the less positive elements (with the exception 
0 ^ Hg and Ag) are decomposed by w’ater, with formation of free acid 
and metallic oxides or hydroxides, e.g., AsCl, (forms As^O.^, oi* of 
some insoluble oxychloride (SbCl 3 gives SbOCl ; BiOl^ gives JBiOOl) ; 
soluble, however, in excess of HCI. 

AgXOg gives a white curdy precipitate of silver chloride, AgOl, 
the formation of which is not affected by the presence of dilute or 
even moderately strong nitric acid. The precipitate turns violet oil 
exposure to light. It is insoluble in nitric acid ; soluble in ammcnium 
hydroxide, but is reprecipitated therefrom unchanged on the addition 
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of nitric acid ; it is likewise soluble in potassium cyanide and sodium 
thiosulphate, |tnd to a considerable extent in hydrochloric acid, aud 
alkali chlorides (especially Lid, from which it is reprecipitated on 
dilution). Silver chloride fuses when heated nearly to redness without 
undergoing decomposition, to a transparent horndike mass, calle<i 
horn-silver. 

Chlorides are decomposed on heating with manganic oxide and 
concentrated sulphuric acid, when chlorine is evolved, according to the. 
equation : 

MnO, + 2NaCl + - 01, + MnSO, + Na,S0, + 20H,. 

This gas is readily recognised by its bleaching properties, its 
yellowish green colour, and its action upon iodised starch paper,* 
or upon a dilute solution of potassium iodide and freshly prepared 
starch solution, giving rise to the formation of blue iodide of 
starch. 

Concentrated sulphuric acid liberates gaseous hydrochloric acid 
from chlorides. 

HgCl„ Hg,Cl„ AgOl, PbOl^, SnCl,, and SnCl^ are decomposed 
with some difficulty, or very slowly, by concentrated sulphuric acid. 
Potassium hydrogen sulphate fused with these chlorides liberates 
HOI. Traces of free HCl in the presence of a soluble chloride are 
best detected by gently heating with MnO, or PbO,, and passing 
the evolved chlorine into a solution of potassium iodide and starch. 
The chlorine liberates iodine (/^KI -pOl, — 2KC1 + 1,), which gives a 
blue colour with the starch. 


CHLORIC ACID, HCIO3. — Is obtained in combination with calcium, 
by passing chlorine through a hot solution of calcium hydroxide to 
complete saturation : 

60a(H0), + 601, - Oa(C 103 ), !+ 5CaCl, -P 60H,, 

By adding KOI to the solution calcium chloride and potassium 
chlorate, KOIO3, are formed by double decomposition. Potassium 
chlorate, being little soluble in cold water, and still less so in a 
solution of calcium chloride, crystallises out, and is washed with cold 
water and purified by recrystallisation. 

Free chloric acid, HOIO3, cannot be kept in a free state for very 
long. Even at the ordinary temperature it undergoes decomposition, - 
generally explosively. It can be obtained in solution by adding the “ 
exact amount of H,SO^, dilute, to a cold solution of barium chlorate. 
On evaporating at a low temperature in a vacuum it may be con-, 
centrated, but the operation is too dangerous for any ordinary 
workers. 

Dry Reactions of Chlorates. 

All chlorates are decomposed by heat ; they fuse and evolve , 
oxygen, or a mixture of chlorine and oxygen, according to the greater 
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or less affinity of the metal for oxygen or chlorine, leaving a residue, 
consisting of a metallic chloride, oxychloride, or oxide.* 

On heating a few crystals of potassium chlomte in a’^test-tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
-i)f wood into the test-tube. On dissolving the fused mass in water, 
and adding a drop of silver nitrate, a white, curdy precipitate is 
obtained, whilst a solution of a chlorate (unignited) gives no, or only 
a very slight, precipitate. 

Chlorates part with their oxygen far more readily, when heated, 
than nitrates. "When mixed with oxidisable substances, such as 
O, S, P, cyanides, or sulphides, they explode violently when gently 
rubbed together in a mortar, or when moistened w-itli a drop of con- 
centrated sulphuric acid. Care must therefore be taken not to 
powder, or heat together, a chlorate with organic substances, even in 
small quantity, and especially not with sulphur or sulphides or 
phosphorus. Chlorates and red phosphorus explode, or ignite, when 
very gently rubbed together on paper. Matches and many igniting 
compositions for military purposes depend on these properties for 
their action. Chlorates and finely divided metals, as aluminium 
powder, magnesium filings, Szo., are employed to produce flashlights 
for photographic purposes. These mixtures are very dangerous, as 
they explode on percussion as well as by contact with a flame. 

Experiments and Reactions in Solution, 

A solution of potassium chlorate may be employed. 

All chlorates are soluble in wateii 

Concentrated sulphuric acid decomposes potassium chlorate at 
quite a low temperature, a reddish liquid and gieenish yellow gas, 
called chloric peroxide, being formed, which is recognised by 

its suffocating odour. On the application of heat a violent explosion 
occurs, due to the resolution of 01^0^ into chlorine and oxygen. A 
single crystal only of the chlorate should be employed, and the test- 
tube should be held with its mouth turned away from the operator. 
The change may possibly be expressed by the equations : 

2KC10, + H.SO, - K.SO, -p 2 HOIO 3 ; ’ 

4(H0103) = 2H,0 -P'2(01A) -p 0,. 

A chlorate dropped into hot sulphuric acid gives off a mixture of 
chlorine and oxygen gases. This is quite safe. 

Strong hydrochloric acid, especially when heated, decomposes 
potassium chlorate, giving off a mixture of chloric peroxide and free 
chlorine, thus : 

8 KCIO 3 -p 24HC1 - -p 901, -p 8K01 -p 120H,. 

* Some metallic oxides aid the decomposition of chlorates very consider- 
ably when mixed with them and gently heated. This is the case with MnO.,. 

A little Cl is liberated and a corresponding amount of KoMn04 formed. This 
decomposes at about 240°, and the MnO.j and K.jO resulting act on the KCIO.., 
reforming K^MnO^, to undergo the same cycle of changes. Other oxides, , 
especially those of the more negative elements, turn out both oxvgen and 
chlorine— WO3, SnOg, TiO^, {UO)A» M0O3, &c. 
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A solution of indigo (sulphindigotic acid) is decolorised on the 
addition of a chlorate and dilute sulphuric acid, by a reaction 
analogous to tj^at produced by free nitric acid. 

Sulphur dioxide, as gas, on contact with a solid chlorate becomes 
oxidised, a white cloud of SO^ and a greenish gas, CIO,, being pro- 
duced. The chlorate is eventually converted into sulphate. 

An aqueous solution of a chlorate behaves in a similar manner 
towards sulphurous acid, but no CIO, is liberated. 

PERCHLORIC ACID, HC 10 ,.--Perchiorates are more stable than ^ 
chlorates. Concentrated sulphuric acid fails to decompose them 
when cold, and with difficulty only on heating. (Distinction from 
chlorates.) Rydrochloric, nitric, and sulphurous acids do not de- 
compose aqueous solutions of perchlorates, nor is indigo solution 
decolorised. All perchlorates are soluble in water, most of them 
freely. Potassium perchlorate is sparingly soluble in cold water, and 
insoluble in alcohol. 

A certain quantity of potassium perchlorate, KCIO^ is formed 
when potassium chlorate is heated to a moderate temperature, until 
so77ie oxygen has been given off. The residue then contains a mbture 
of chlorate, chloride, and perchlorate. The equation 2KC10,j = KOI 
-pKOlO^ + O^ has been proposed, but disputed on experimental 
grounds. Possibly this would be time within some narrow tempera- 
ture limits, which have not yet been found. Enough perchlorate can 
be obtained by heating a few grams of KCIO 3 in a tube, until it has 
melted and the oxygen commences to comes off somewhat rapidly. 
The tube may then be dropped iSito water. It will break up. The 
water should then be boiled up, filtered from the glass particles and 
allowed to crystallise, after evaporation if necessary, and the crystals 
boiled with HOI until no more chlorine or 010^ is evolved, and finally 
recrystallised. 

In order to distinguish a nitrate in the presence of a chlorate, 
mix the substance with ]Sra^ 003 , if other bases than potassium and 
sodium are present, and ignite until the evolution of oxygen nearly 
ceases, and test the residue for nitrous acid. The effect of the 
ignition upon the chlorate is to change it into chloride, and the 
nitrate into nitrite to some extent. The 01 may be tested for (by 
adding HNO 3 and AgHO^ to a portion), but this is not evidence of 
the presence of a chlorate in the original substance, unless chlorides 
are proved absent. Alkali nitrates and nitrites will withstand a 
higher temperature than chlorates. 

To apply this test for chlorates in the presence of chlorides, an 
excess of Ag.^SO^ must be first added to the solution, and the filtrate 
from the AgOl may then be mixed with Kag 003 , evaporated to 
dryness, and treated as above. 

HYPOCHLOROUS ACID, CIHO.— The salts which this acid 
forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Sodium 
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and calcium hypochlorites are obtained, along with the corresponding 
chlorides, by passing chlorine through a cold solution of the carbonate 
or hydroxide. An important compound closely relate^ to the hypo- 
chlorites is the so-called calcium chiorohypochlorite (a constituent of 
chloride of -lime or bleaching powder), which appears to be formed 
according to the equation : Ca(HO)^, -f Cl, — Ga(001)Cl -f- OFF,. 

Hypochlorites are gradually decomposed on exposure to aii^, with 
liberation of chlorine, owing to the action of the carbon dioxide con- 
tained in air, and it is on this account that hypochlorites are of such 
great value as disinfectants and bleaching agents. 

Dry Reactions. 

Hypochlorites, when heated, are converted into chlorates and 
chlorides, thus : GOa(OCl)Cl == 5GaGl., -f Ca(C10y\,. 

Reactions in Solution. 

The calcium, sodium, and magnesium hypochlorites are in common 
use, as disinfectants or as bleaching agents. The calcium salt is 
known as chloride of lime,” or bleaching powder. 

All hypochlorites are soluble in water. Their aqueous solutions 
when acidified bleach vegetable colours. On heating or evaporating 
dilute solutions of hypochlorites, they are partly decomposed into 
chlorides and chlorates. Dilute acids decompose them, with evolu- 
tion of chlorine. (Distinction between hypochlorites and chlorates.) 
Hypochlorites in solution yield oxygen to readily oxidisable sub- 
tances, and become converted into chlorides, thus : 


As., 0.5 is 

oxidised to As.,0... 

MnCl, 


„ 

PbO 


„ PbO„. 

l=>bS 

55 

,, PbSO,. 

fpGOH 

\OCOH 


„ 200 , + OH, 


Indigo, litmus, and many organic compounds are readily de- 
colorised or oxidised by hypochlorites, because both chlorine and 
active oxygen are given off on their decomposition by an acid. 

HYDROBROMIC ACID, HBr. — Bromides are decomposed by 
in a similar manner to chlorides, and some HBr in a gaseous 
state is evolved. A secondary action commences, however, very 
quickly by which some of the HBr becomes oxidised at the expense 
of tJjLe H^SO^jand bromine is liberated. does not oxidise liCL 

(a) NaBr -p H.,SO, - NaHSO^ + HBr 
(/3) 2HBr -p H,SO, = 2H,0 -p SO, + Biq. 

A mixture, therefore, of bromine vapour and HBr gas is usually 
obtained. A few bromides, as those of AgBr, Hg,Br„ are decom- 
posed only slowly by H,SO^, but completely by heating with KHSO^. 
BO, passed into bromine water forms HBr and H,S 04 . As soon as the ' 
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water is satiii'ated the HBr comes off steadily as the SO, is passed 
in. The reaction is Br^ + 2 OH 3 + SO, == 2HBi* + H,SO^. It is quite 
quantitative. ^ 

Another plan of preparing pure HBr is to decompose PBiq 
(phosphorous bromide) by water, thus : 

BBr^ + 30H, - H,P 03 + BHBr. 

Water is dropped ” into PBiq, contained in a small retort or . 
distilling flask, from a dropping funnel, and the escaping HEr led 
into cold water. 

The phosphorous bromide is prepared by the action of bromine 
upon phosphorus in a OB, solution. The OB, is distilled off on a 
water bath, and the residual PBiq distilled by itself. 

PBr^ can also be made from amorphous phosphorus treated with 
bromine as above. The HBr can be collected by downward dis- 
placement as with HOI. 

Similar experiments should be made with it as with HCl gas 
{ante). 

Dry Reactions. 

Most bromides remain unaltered when ignited ; others are volati- 
lised without decomposition. AuBiq and PtBiq are decomposed upon 
ignition into metal and bromine, which volatilises. Many bromides 
are changed upon ignition with free access of air, being converted 
into oxides and free bromine ; others, such as Al^Br^.,* &c., are decom- 
posed, on evaporation of their aqueous solutions, into oxides and 
hydrobromic acid. KBr and NaBr are converted, to a great extent, 
into KOI and HaCl, on repeated ignition with ammonium chloride. 
When fused with hydrogen potassium sulphate bromides are decom- 
posed into sulphates, with evolution of sulphur dioxide and bromine. 

Bromides heated before the inner flame of the blowpipe on ahead 
of microcosmic salt, in which a little cupidc oxide has been diffused, 
impart a blue colour to the flame, wliich passes into green, especially 
at the edges. The difference between chlorides and bromides in this 
reaction is npt very marked. 

Reactions in Solution. 

' A solution of potassium bromide, KBr, may be employed. 

Metallic bromides can be divided into : 

1 st, Bromides which are insoluble in water, such as AgBr, Hg^Bi\, 
PbBrjj (less soluble in water than PbOJ^) ; and — 

2nd. Bromides which are soluble in water, comprising most other 
bromides ; and — 

8 rd. Bromides, e.g,j SbBr 3 , BiBiq, which are decomposed by water 
into insoluble oxy bromides, SbOBr, BiOBr, and hydrobromic acid. 
They resemble in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add 
^ a solution of a silver salt to the solution, when a yellowish white 

* The corresponding chlorides and iodides are similarly decomposed. ; 
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precipitate of silver bromide, AgBr, is formed, which is insoluble 
in dilute nitric acid, somewhat soluble in concentral^ed ammonium 
hydroxide, readily soluble in potassium cyanide or sodium thio- 
sulphate. . 

AgBr is best decomposed by heating in an ignition tube T\uth 
alkali carbonates (free from chlorides). The aqueous extract is 
tested for hydrobromic acid, and the insoluble residue for silver."^ 

In the absence of any well-marked distinguishing features in 
the silver bromide precipitate, it is preferable to liberate bromine 
from soluble bromides, and to cause the reddish brown vapour to 
act upon starch paste, with formation of yellowish bromide of starch. 

Nitrous acid (or a nitrite and dilute sulphuric acid) does not 
liberate any bromine from pure soluble bromides. (Distinction 



between bromides and iodides.) All bromides are, however, decom- 
posed by chlorine, with evolution of bromine, which remains 
dissolved in the aqueous solution. On shaking with a little 
chloroform or bisulphide of carbon, the bromine is taken up, and 
forms a yellowish red liquid, which sinks in the saline aqueous 
solution. 

BROMINE is obtained from natural bromides, such as potassium, 
magnesium, and calcium bromides, by i*eactions analogous to those 
employed for the preparation of chlorine from common salt; for 
instance, by distilling with manganic oxide and strong sulphuric 
acid, thus : 

2KBr -H MnO, + 2H,SO, = Br, + K,SO, MnSO + 20H, ; 

or by distilling a bromide with potassium dichromate and sulphuric 
acid, thus : 

6KBr 4. K,Cr,0, + 7H,SO, - 3Br, + Cr,(SO ,)3 -f- 4X180^ +7011,. ^ 

* AgBr is very soluble in solutions of KBr, NaCl, HCl, KI. Water pre 
cipitates it again from these. 


18 
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A mixture of a bromide and manganic oxide, or potassium dicbro- 
mate, is introduced into a tubulated retort (Fig. 1)8);, with concen- 
trated sulpliuric acid diluted with its own weight of water, and 
gently heated over a gas Hame. The reddish brown .vapour of 
bromine passes over, and condenses in a flask (which .should be kept" 
cold by a stream of water, or, better still, in a vessel surrounded with 
ice (to a reddish brown, heavy liquid).* 

Concentrated sulphuric acid alone evolves hydrobromic acid, 
together with bromine and sulphur dioxide, as a inirt of the HBr is ^ 
oxidised by the sulphuric acid 

Concentrated nitric acid evolves bromine, together with nitrous 
fumes, thus : 2KBr + 4IINO-J = Br^ -f 2 KNO 3 + N 2 O 4 +• 2 OIT 2 . 

In the last two reactions the sulphuric and nitric acids act as 
oxidising agents, performing, in fact, the functions of the manganic 
oxide and potassium diehromate in the former reactions. 

Bromine (like chlorine) is an indirect oxidising agent — Le., it is 
eager to combine with hydrogen, and is capable of decomposing 
water, sulphuretted hydrogen, &c., under favourable circumstances 
sunlight), with liberation of oxygen, sulphur, drc. This 
property is made use, of in the preparation of hydrobromic acid, 
which cannot be obtained pure by distilling a bromide with sulphuric 
acid (for imson a,bove seen). By passing sulphuretted hydrogen 
through bromine mixed with water, a solution of liyclrobromic acid 
is obtained, and sulphur separates, thus: Br 2 + SH 2 = 2ITBr + S. 
This solution always contains some sulphuric acid, owing to a 
secondary reaction of the broiSine upon water, in the pi’esence of 
nascent sulphur : 3 + 40 + S =-- OHBr -f fi-om which the 

hydrobromic acid is separated by distillation. The solution distilling 
over at ordinary pressures contains about 20 per cent. HBr. 

It will be inferred from this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidising 
bodies, such as phosphorus, metallic hypophosphites, sulphites, hypo- 
sulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkali bromide with phosphoric acids, HPO 3 , or H^PO^j, 

To detect a chloride in the presence of a bromide, the solution is 
acidulated with dilute nitric acid and an excess of silver nitrate is 
added. After shaking the precipitate is washed by decantation, and 
then agitated with very dilute ammonium hydroxide solution, so 
as not to dissolve all the precipitate. The ammoniacal extract is 
filtered off and acidulated with nitric acid, when a white precipitate 
is obtained. 

BROMIC ACID, HBrOj. — Is obtained in combination with potas- 
sium by adding bromine to a modei’ately concentrated solution of 
potassium hydroxide. Potassium bromate crystallises out from the 
slightly yellowish coloured liquid, and is purified from potassium 

* 1£ test-tubes be worked with, then a little ammonium nitrate (10 grms.) 
p or ohloride, with its own weight of water, will form a good enough freezing- 

mi Ttnr a n.TiH Ann Via A.nnf.niriAil -in e> email aioT-i 
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bromide by washing with water and recrystallisation. The reaction 
takes place according to the equation : , 

. SBr, + C KIIO = oKBr + KBrO, + SOIE. 

The free acid is obtained by decomposing barium bromate with 
dilute sulphuric acid. 

It is doubtful whether bromates occur in nature. They are also 
seldom employed or made. 

Dry Reactions. 

All bromates are decomposed by heat. Some — e.g., those of the 
alkalies — fuse and evolve oxygen, leaving a bromide; others, such as 
zinc and magnesium bromates, leave an oxide and give off oxygen 
and bromine; others, again, leave an oxide and a bromide — e.g., 
lead and cupric bromates. When mixed with readily oxidisable 
substances, such as carbon, sulphur, tfec., bromates deflagrate like 
chlorates. 

Reactions in Solution. 

Employ a solution of potassium bromate, KBrO^. 

All bromates are soluble in water, silver and mercurious bromates 
least so. 

Dilute sulphuric, nitric, or phosphoric acids liberate*/rom its salts 
bromic acid, which, however, exhibits great instability and breaks 
up into bromine, oxygen, and water isjery rapidly. 

Bromates are readily decomposed by deoxidising substances, such 
as sulphurous and phosphorous acids, sulphuretted hydrogen, &e., 
with formation of sulphuric and phosphoric acids, sulphur and water, 
and liberation of bromine. .A mixture of potassium bromide and 
bromate, when acted upon by dilute acids, is decomposed into 
bromine and water, thus : 

5KBr + KBr 03 + 6HC1 = 3Br, + 3 OH 3 + 6KC1. 

The weak affinity of bi*omine for oxygen is, moreover, rendered 
apparent on boiling bromine with such powerful oxidising agents 
as nitric acid, potassium chlorate or manganate, which are without 
action upon it. 

A bromate in the presence of a chlorate is readily distinguished 
by precipitation with AglSTO^; the white silver bromate, AgBrO^, 
gives oft‘ bromine on being treated with HCl. The residue which 
brQmates and chlorates leave on ignition may also be tested by 
any of the methods described under hydrochloric and hydrobromic 
acids. 

HYDRIODIC ACID, HI.— Iodides (KI, Nal, Mgl„ Cal,) occur in 
sea-water, in the ashes of marine plants, in some mineral springs, 
and in Chili saltpetre and some borax deposits, from which substances 
iodine is obtained by processes similar to those employed for the 
extraction of bromine from bromides. 
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Very little HI is obtained by acting on an iodide with H,SO^, 
owing to the^easo with which HI becomes oxidised by the 
Phosphoric acid and an iodide give more HI. 

Dry Reactions. 

Most iodides undergo decomposition when heated by themselves, 
either with or without exclusion of air. Some few give off iodine, and 
leave the metals ; others are partially decomposed, giving off iodine 
and leaving an oxide of the metal. The alkali iodides, also those 
of silver and a few others, can be heated to fusion without under- 
going any decomposition. Ignition with ammonium chloride convert 
iodides only partially into chlorides. On fusing cupric oxide in a 
bead of microcosmic salt, and introducing a little potassium iodide 
into the bead and heating in the inner blowpipe flame, the outer 
flame becomes of a fine emerald-green colour. 

Reactions in Solution. 

A solution of potassium iodide, KI, may be used. 

All metallic iodides may be divided into : 

1st. Iodides insoluble in water, such as AgT, HgJ.,, Hgl^, CuJ. 
(Bil^, Aul.j, Ptig), and PclL ; and 

2nd. Iodides soluble in water, comprising all others. The iodides 
of the heavy metals are less solul)le than the corresponding bromides 
or chlorides. 

Some elements, the chlorides of which are well known, only form 
iodine compounds with great difficulty — e.g.^ sulphur, carbon. 

Soluble iodides may be examined in two ways : 

1st. By precipitation or conversion of the soluble into insolubk 
iodides, 

AgNOj gives a yellowish white precipitate of silver iodide, 
Agl, insoluble in dilute nitric acid, almost insoluble in ammonium 
hydroxide (partial distinction between HJ anff-^“HOl), soluble in 
potassium cyanide or Kl, or JSTaCl or HOi solutions.* 

Hg 2 (NO ^)2 gives a yellowish -green precipitate of mercurous iodide, 
Hgglg, very slightly soluble in water, insoluble in dilute nitric acid 
soluble in potassium iodide. 

HgOlg gives a beautiful scarlet-red precipitate of mercuric iodide 
Hgig, little soluble in water, soluble in alcohol, and soluble also in 
excess either of mercuric chloride or of potassium' iodide. The solutions 
are colourless. 

Lead acetate gives a bright yellow precipitate of lead iodide, Pfel^, 
dissolving, like the chloride, in hot water (120 parts), to a colourless 
solution, from which it crystallises out, on cooling, in beautiful shining 
yellow scales; soluble in dilute nitric acid. 

* Agl is very soluble in either the strong haloid acids or in the salts oi 
haloids, especially so in lithium chloiide and fluoride. AgNOy may be dropped 
r into strong KI solution and the Agl formed observed to dissolve immediately. 
Water or nitric acid reprecipitates Agl. With the latter some AglOy is liable 

to hft formp/l 
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Cii^SO^ (cuprous sulphate), obtained by treating CiiSO^ with SO.„ 
or adding a sulphite or ferrous sulphate, or boiling ihe iodide with 
CuSO^ and metallic copper, produces a dirty white precipitate of 
cuprous iodide, CirJ.„ insoluble in water, sparingly soluble in HCl, 
soluble in ammonium salts and ammonium hydroxide. This pi'ecipi- 
tate is of particular interest^ because chlo7'ides and bromides canQiot be 
precipitated in like manner^ and because it set'ves frequently for remov- 
, ing iodine from solutions containing chlorides and bromides, 

2nd. By liberating iodine, and causing the iodine vapour to act 
upon starch paste. This may be effected in several ways. 

On mixing a dilute solution of potassium iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potassium nitrile, iodine is instantly liberated, and may be detected 
hy the yellowish brown tint it imparts to the solution, or, better still, 
by allowing it to act upon a freshly prepared solution of starch, to 
which it imparts a fine blue colour. This is one of the most delicate 
tests. The reaction serves equally well for the detection of HhlOg 
(which see), thus : 

2KI + 2KNO, + 4HCI = I, + 4X01 + + 20H,. 

A solution containing free iodine may also be shaken up with a 
few drops of carbon disulphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured It^ bromine. 

Bromine or chlorine (or what amounts- to the same, ClXaO and 
HCl, or metallic peroxides or perchlorides, e.^., BaOg, BbO^, MnO^ 
and HCl, or FcgClg and HOI), liberate iodine from iodides. According 
to the quantity of iodide employed, the iodine separates either as a 
bluish-black powder, or it merely colours the solution brown. 

The methods adopted for the extraction of iodine from metallic 
iodides are all based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidising agent and sulphuric acid, e.g , : 

2X1 + MnO. -h 2HH0, = I. + MnSO, + K.SO^ + 201I„ or 
6 KI -h K.Gr^O, -h 7H,S0, = 31, + Or, (80^3 -b 4K,S0, + 70H,. 

Concentrated acids, such as H,SO^, or HNO 3 , decompose iodides, 
with separation of bluish black scales of iodine and evolution of 80, 
or lower oxides of nitrogen, thus : 

- 2KI 4- 2H,S0, - I. -b X.,SO, + SO, 4- 20H,. 

2KI + 4 HNO 3 - + 2 KNO 3 4* NA 4- 20H,. 

On fusing an iodide with hydrogen potassium sulphate, HKSO^, 
iodine is likewise liberated, thus : 

2X1 4 - 4XHS0, = 3X,S0, 4- SO, 4- I 3 4- 20H,. 

On examining for traces of iodine in aqueous solutions by the 
action of chlorine, excess should be carefully avoided, as the iodine 
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may be oxidised by the clilorine to colourless iodic acid, which does 
not give the bl^e colour with starch, or the violet colour to the carbon 
disulphide solution. Previous to this a trichloride of iodine, IOI 3 , is 
very likely formed. The blue colour of iodide of starch is destroyed 
by various reducing agents, such as SO.,, SH^, Asp.j, SnCl.„ Hg,C], 
and HgOI,. Alkalies also destroy the colour, but it reappears on 
acidification. The colour does not show so well in hot solutions. 

The destruction of the blue colour of iodide of starch by various 
reducing agents is due to the decomposition of water by the iodine, 
with formation of HI, the oxygen being transferred to the reducing 
agent, thus : 

(a dilute solution) + I., + OH., = + 2HI. 

SH, ■ + L = 2HI + S. ^ 

H 3 ASO 3 + i; + OH, - 2HI + HAsO,. 

Hydriodic acid solution is usually prepared by acting upon iodine 
suspended in water (or dissolved in hydriodic acid), with a current 
of SH,. Sulphur separates and is removed by filtration, and the 
solution of hydriodic acid concentrated by distillation. This solution 
absorbs oxygen from the air, water being formed and iodine liberated, 
which dissolves in the un decomposed hydriodic acid and imparts a 
brown colour to the liquid. 

Gaseous HI is best obtained by the decomposition of PLj by 
water. PI 3 is made by dropping iodine ciystals on to dry phosphorus, 
either a or / 3 , preferably the latter, as it can be dried in an oven ; 
PI 3 is formed on very gently warming. This may be made in a fiask 
or test-tube fitted with cork and tube (see ante)^ and a dropping 
funnel containing water. An excess of phosphorus sliould be present. 
HI is a very heavy gas, and fumes more strongly than HBr or 
HCl in moist air. The tube in which it is collected must be very 
thoroughly dried. Phosphonium iodide, PH^HI, is formed as an 
intermediate product, and is decomposed by water, sometimes with 
explosive violence. Perform the same series of experiments with HI 
as with HOI. 

The few kisoluble iodides may be fused with alkali carbonates, 
or in the case of Agl and Pbl^^ decomposed by means of metallic 
zinc. The aqueous extract is examined for iodine, and the residue 
for the metal. 

IODIC ACID, HIO3. — Potassium iodate is obtained, like the corre- 
sponding chlorate and bromate, by dissolving iodine in hot potassium 
hydroxide. The iodate crystallises out first, being much less soluble 
than KI. The free acid can be prepai^ed by decomposing barium 
iodate with sulphuric acid, thus : 

Ba(I 03 ), + - 2 HIO 3 + BaSO,. 

^ Iodic acid is best obtained by the action of strong boiling nitric 
acid upon iodine, or by passing chlorine through iodine suspended in 
water or dissolved in an alkali iodide. This product is not pure. 
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In addition to ITIO^, there are some higher oxidation products and 
the anhydride, I2O5. ^ 

lodates are said to exist in sea-water. 

Dry Reactions. 

All iodates ai’e decomposed upon ignition, some Imeaking up into 
an iodide, with evolution of oxygen ; others into metallic oxides, 
Aodine and oxygen being expelled. When heated with charcoal they 
explode less violently than chlorates or broruates. 


Reactions in Solution. 

A solution of potassium ioclate, IvIO.^ is used. 

BaOIo gives a white precipitate of barium iodate, nearly insoluble 
in water and difficultly soluble in dilute nitric acid. 

AgN03 produces a white crystalline precipitate of silver iodate, 
sparingly soluble in water and in dilute nitric acid, readily soluble 
in ammonium hydroxide (distinction from HI). On the addition of 
a reducing agent, e.y., to the clear ammoniacal solution of silver 
iodate a yellowish pi’ecipitate of Agl is obtained, thus : 

Agio, + 3 H,S 03 = Agl + 3H,SO^. 

Potassium iodate is decomposed by SH^, with formation of potas- 
sium iodide and sulphuric acid, and precipitation of sulphur ; by 
H3SO3, with separation of iodine, which (by the decomposition of 
water) is converted into hydriodic ac^d. 

An iodate and iodide act upon each other in the presence of 
weak acids (e.y., acetic acid), with liberation of iodine. Traces of an 
iodate in potassium iodide can, therefore, be detected by means of 
the starch reaction.’^ 

lodates which give off iodine when they come in contact with 
various reducing agents, e.g., SOg, Na^S^Oa, SnOl,, differ, however, in 
a mai*ked manner from chlorates and bromates by remaining unacted 
upon by concentrated sulphuric acid, unless the action be assisted by 
deoxidising agents, such as ferrous salts, &c. ^ 

HYDROFLUORIC ACID, HF. — Fluorine minerals, as CaF^, 
Al2Fjj(NaF)3, yield HF by the action of strong acids (sulphuric, 
phosphoric). No compound of F and O alone is known, although 
some metallic oxides form with it oxyfluorides. 

Dry Reactions. 

Heated out of contact with the air, most fluorides melt, but 
otherwise remain unchanged. Volatile fluorides can be distilled ; 
but when' heated in a moist atmosphere, or if waiter be added, they 
are decomposed into oxides (oxyfluorides) and hydrofluoric acid. The 
changes which fluorides undergo in the dry way are of t\vo kinds. 

1st. The fluoride gives ofl‘ hydrofluoric acid gas, which corrodes ^ 

* Commercial KI almost invariably contains some iodate. Before using 
it should be melted, either alone or, better, with a little charcoal or sugar. 
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glass.— By heating a fluoride containing water in a piece of combus- 
tion tubing, open at both ends, before the blowpipe, the glass around 
the fluoride is attacked. The experiment may be carried out also by 
mixing a little microcosmic salt with the fluoride. 

By heating a mixture of a fluoride with hydrogen potassium sul- " 
phate HE is disengaged, thus : 

CaF, + 2KHSO, - CaSO, + KSO, + 2HF. 

If the operation is done in a test-tube the gas corrodes the upper 
.part of the tube on account of its action upon the silica of the glass, 
with which it forms a gaseous compound, silicon fluoride, SiF., 
thus : 4HF -f BiO, == BiF^ + 20H,. (See “ Fluorine.’’) 

2nd. The fluoride is decomposed by hydrogen potassium sulphate 
in the presence of a borate, with formation of volatile boron fluoride, 
BFg. — By heating a mixture * of powdered hydrogen potassium sul- 
phate and fused borax with the finely- powdered fluoride, on the loop 
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of a platinum wire, in the clear flame of a Bunsen gas lamp, boron 
fluoride is disengaged, imparting a beautiful yellowish green colour 
to the flame. But this is useless as indicating the presence of HF 
unless care is taken to distinguish between it and the colour given 
to the flame by the acid and borax alone. 

Reactions ill Solution. 

Employ a solution of an alkali fluoride. 

Most metallic fluorides are solid; others, again, such as the 
fluorides of the metals whose higher oxides possess acid properties, 
form volatile, fuming, highly corrosive liquids, or are gaseous at the 
ordinary temperature. Non-metallic elements form gaseous or liquid 
fluorides. 

Fluorides are either soluble in water and more or less crystalline, 
such as KF, NaF,, NH,F, AgF, SnF,, Fe,F„ HgF„ A1,F,, or in- 
soluble or very sparingly soluble in water, and amorphous when 
obtained by precipitation- e.y., CaF,, BaF,, PbF,, ZnF,, OuF,. 

The reactions which a soluble fluoride gives by double decomposi- 

- ^ 10 mol, of KHSO4 (=10 X 136 ). 

3 mol. of CaFa (= 3 x 78 ). 

1 mol. of B^OylSfa.^ 202. 
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tion with solutions of salts whose metals form insoluble fluorides are 
not very characteristic. « 

BaOlg produces a bulky white precipitate of barium fluoride, 
BaF^, soluble in hydrochloric acid, and in much ammonium chloride. 

OaCI, (or Oa(HO) 2 ) gives a gelatinous translucent precipitate of 
calcium fluoride, CaF^, which becomes more marked by the addition 
of ammonium hydroxide. OaF^, is slightly soluble in cold hydro- 
chloric or nitric acid, more soluble in boiling hydrochloric acid, le.ss 
soluble in acetic acid, insoluble in free hydrofluoric acid, soluble to 
some extent in ammonium chloride. 

AgNOg produces no precipitate. (Distinction between HF and 
HCl.) 

It is preferable to test for HF by the reactions based upon the 
formation of gaseous SiF^ or BF^. 

All fluorides (soluble or insoluble) are decomposed on heating 
with concentrated sulphuric acid, with disengagement of HF, a 
metallic sulphate being left, thus : CaF^ + = 2HF 4- CaSO^. 

The preparation of hydrofluoric acid is best performed by treating 
the fluoride with sulphuric acid in a small leaden cup heated over a 
water-bath (Fig. 94), and connected with a leaden U tube, sur- 
rounded with ice, for the condensation of the acid. 

Hydrofluoric acid gas is highly corrosive, and should not he 
inhaled. If it come in contact with silica (e.^., in glass), SiF^ is 
formed, and the glass becomes corroded or etched. 

Its reaction upon glass may be shown also by covering a platinum 
crucible containing a little finely p<?wdered fluoride and concentrated 
sulphuric acid with a piece of glass, a watch-glass. The vapour 
of the evolved hydrofluoric acid corrodes the glass. The action of 
the hydrofluoric acid becomes apparent when the glass is covered 
with a thin layer of melted wax, and some design scratched on the 
waxed side with a pointed instrument. The gas acts upon the 
unprotected portion of the glass. The design will be found etched 
more or less deeply into the glass, after the removal of the wax. 
Mere traces of a fluoride are thus detected, and as no other sub- 
stance attacks glass similarly the reaction is perfectly characteristic 
for hydrofluoric acid. It should be remembered, however, that the 
softer kinds of glass are liable to he corroded by the vapour of 
ordinary acids alone. In doubtful cases, therefore, it is preferable 
to employ a glass bulb blown out of combustion glass, or else a plate 
of rock-crystal. 

If the fluoride contains much silica, sulphuric acid disengages 
silicon fluoride instead of hydrofluoric acid, which does not attack 
glass ; but when passed into water — best by letting the delivery 
tube dip into a little mercury under the water to keep the tube 
opening clear — ^it is decomposed into hydrofluosilicic acid and into 
Si(HO)„ thus : 3SiF, 40H, = Si(HO), + 2(2HF,SiF,). 

This reaction is employed for detecting fluorine in silicates, or if 
applied to fluorides which are free from silica some finely powdere(} 

’ (Quartz or glass is first mixed with the fluoiide hefoi*e treating it with % 
sulphuric acid. 
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The experiment may be performed in a glass flask or small stone- 
ware bottle, pi;ovicled with a wide delivery tube, which dips under 
mercury contained in a small porcelain cup at the bottom of a beaker 
or glass cylinder. Care should be taken that the inside of the 
delivery tube remains perfectly dry when the receiving vessel is 
filled with water. A mixture of one part by weight of finely 
powdered fluor spar, and one by weight of fine sand is introduced 
into the glass or stoneware vessel. Seven to eight parts by weight 
of oi] of vitriol are added, and the whole shaken gently togetlier and 
heated upon a sand-bath. Each bubble of the evolved SiF^, on 
passing through the water, is decomposed, with separation of gela- 
tinous silica, which after a time fills the water in the form of a dense 
jelly. The silica is separated by straining through a cloth from the 
hydrofluosilicic acid, which may be returned to the glass cylinder, 
and a fresh quantity of passed through, till the acid solution 
has becom.e sufliciently concentrated. 

Silicates containing fluorides which are not decomposed by sul- 
phuric acid are fused with four parts of fusion mixture. The fused 
mass is extracted with water and filtered. The filtrate contains the 
fluorine in the form of alkali fluorides together with the alkali 
silicates. On slightly acidulating with dilute hydrochloric acid to 
decompose the excess of alkali carbonates, and then digesting with 
ammonium hydroxide, Si(HO)^ is precipitated, which can be filtered 
ofl', leaving the alkali fluoride. On adding Ca(HO)2 cr CaOl^, and 
digesting at a gentle heat, a gelatinous precipitate of OaF^ is obtained, 
which is filtered ofl:*, dried, and ^examined. If phosphoric acid be 
present the precipitate contains Ca^Pj^Oj,, as well as CaFjj, which 
does not, however, interfere with the disengagement of hydrofluoric 
acid gas. 

Insolitble fluorides, e.g,^ OaF^, are not completely decomposed by 
fusion with alkaline cai*bonates unless SiU^j be present. 

HYDROFLUOSILICIC ACID, 2HF,SiF,. ^Obtained by passing 
silicon fluoride into water and separating the precipitated silica by 
filtration. ^ 

It forms salts, called silicofluorides, or flupsilicates, on acting upon 
metallic oxides, hydrates, or metals, such as Fe or 7a\ (these latter 
with evolution of hydrogen), of which the potassium and barium 
silicofluorides are insoluble. 

Dry Reactions. 

Silicofluorides are decomposed by heat into fluorides and silicon 
fluoride. 

Reactions in Solution. 

A solution of the acid may be employed. 

On evaporating a solution of hydrofluosilicic acid it volatilises, 
and is decomposed into SiF^ and 2HF, The acid ought not, there- 
fore, to be heated in a glass vessel. 
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A few silicofluoiides, 2KF,SiF^, 2NaF,8iE^. BaE.„SiFj,'^ are diiii- 
cultly soluble in water, and are quite insoluble in alcohol. Most 
other metallic silicoduorides are readily soluble in wafer. 

BaOlj .precipitates tianslucent crystalline barium silicolluoride, 
"BaF^jSiF^, 'svhich falls out very readily. The precipitation is complete 
on the addition of an equal volume of alcohol. Strontium is not 
precipitated. (Distinction between barium and strontium.) 

KOI gives a translucent gelatinous precipitate of potassium silico- 
'fluoride, 2KF,SiF,. 

NHpH separates Si(HO)j and forms NH/F. 

On heating a metallic silicofluoride with concentrated sulphuric 
acid hydrofluoric acid is evolved. 


PHOSPHORIC ACID, — This acid is never met \vith in 

the free state in nature, but in combination with bases, such as 
CaO, MgO, Al^Og FeO, Fe^O.,, PbO, as bone-ash, sombrerite, 
coprolite, apatite, wagnerite, wavellite, vivianite, p}romorphite. ikc. 


Dry Reactions. 

Most anhydrous metallic phosphates, f when mixed with dry 
sodium carbonate and carbon, or black flux, or heated together with 
metallic sodium or magnesium in a narrow ignition tube, "yield phos- 
phides of these metals, recognisable by the odour of PH 3 , which is 
given off when they are moistened with water. 

Normal phosphates of flxed bases are not decomposed upon 
ignition. Mono- and di-hydrogen noi'mal phosphates lose w^ater, and 
are converted into pyro- and metaphosphates, thus : 

( 1 ) 2Na,HPO, = Na^P.O, -{- OH,. 

Sodium 

jpyrophosphate. 

( 2 ) NaHgPO, = NaP03 -p OH,. 

Sodium 

metaphosphate. 


Fusion with caustic or carbonated alkalies converts pyro- and 

* The formul 80 of these double fluorides may be written on the same type 
as the double chlorides, although, as yet, any absolute proof of " ring” or 
cycloid grouping is wanting. 

/i"i\ 

, F— Si— F \ or 

I 1/ 

F— F^ \ 

t Many phosphates of the heavier metals as nickel, copper, &c., when 
heated 10 a high temperature with carbon in a closed crucible, yield phos- 
phides which, as a rule, are fusible at high temperatures, such as 800"" to 
1000® C. Zinc phosphide vapourises at about 800® 0., but most other metallic^ 
phosi^bides are fixed at that temperatuie. 


Na 

\ 

F— Fx 

I |\ 

F~Si™F 


"F— F 

\ 


Na 



284 A COURSE OF PRACTICAL CHEMISTRY. 

metaphosphates into normal or ortliopliosphates. Boiling with acids 
also effects thi^ conversion. 

Alkaline earthy phosphates are only partially decomposed by 
fusion with alkali carbonates ; most others, e.g., magnesium, ferric, 
zinc, nickel, manganous, cupric phosphates are completely decom-' 
posed. The residue contains trisodiuin and tripotassium phosphates. 

can only be decomposed by fusion with silica or sodium 
silicate (water glass) and fusion mixture,* being converted into, 
sodium aluminium silicate and trisodium phosphate. (Comp. 
‘‘Aluminium Compounds.”) 

Reactions in Solution. 

Employ a solution of hydrogen disodium phosphate, HlSm^PO^. 

Phosphates may be divided into : 

1st. Phosphates which are soluble in water, comprising the 
alkali phosphates only ; their solutions react alkaline ; and 

2nd. Phosphates which are insoluble in water, but soluble in 
mineral acids (some also in acetic acid), comprising all other metallic 
phosphates. 

The following are some of the more important reactions by double 
decomposition : 

BaCl., yields a white precipitate of hydrogen barium phosphate, 
BaHPO^, difficultly soluble in ammonium chloride, soluble in nitric 
or hydrochloric acid. 

CaCly or CaSO.j produces a w#hite precipitate of calcium phosphate, 
Ca.jP^Og, readily soluble in mineral acids ; soluble in acetic acid, when 
freshly precipitated ; slightly soluble in ammonium chloride. 

In dilute solutions of phosphates, NaJIPOp for instance, calcium 
chloride sometimes fails to produce a precipitate. This may be due 
to the slight decomposition of calcium chloride in solution in water 
into calcium oxychloride and ITCl, which retains the calcium phos- 
phate in solution ; or to the formation of an acid calcium phosphate, 
OaHPO^. Addition of ammonium hydroxide brings down the pre- 
cipitate Ca^PPg in all cases. 

MgSO^ (or, better still, MgCb), in the presence of ammonium 
chloride and hydroxide produces a white, crystalline, (juickly sub- 
siding precipitate of ammonium magnesium phosphate, NH^MgPO^ 
+ 6Aq, insoluble in ammonium hydroxide, readily soluble in acids, 
even acetic acid. A dilute solution of a phosphate is only pre- 
cipitated after some time. The precipitation is promoted by stirring 
and allowing the liquid to stand in a warm place, when the precipitate 
is seen to adhere, in the form of white streaks, to those parts of the 
glass vessel which have been touched by the glass rod. Arsenic acid 
gives a similar precipitate. 

AgNOjj gives a light yellow precipitate of silver phosphate, 
AggPO^, soluble in ammonium hydroxide and in nitric acid. 

Lead acetate produces a white precipitate of lead phosphate, 
^PbgP^Og, readily soluble in nitric acid, almost insoluble in acetic acid, 

* One part of SiOg, together with six parts of fusion mixture. 
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as well as ammonium hydroxide. If the precijdtate is fused before 
the blo^vpipe on charcoal, the bead apj.ears erystallhie on cooling ; 
no reduction to the metallic state takes place. 

FeXd, 5 ’ gives yellowish white gelatinous precipitate of ferric 
' phosphate, Fe,P/\, soluble in hydrochloric acid. The precipitate is 
somewhat soluble in excess of ferric chloride. 

When phosphoric acid has to be removed from a phosphate dis- 
. solved in hydrochloric acid—e.^^,, from the alkaline earthy phosphate 
Oa.JP:^Dg — the free acid is nearly neutralised and then sodium acetate 
is added, which by double decomposition with the free hydrochloric 
acid forms sodium chloiide and free acetic acid, in which the preci- 
pitate, produced by a slight excess of ferric chloride, is insoluble. 
The mixture is heated nearly to boiling; a reddish brown j^i'ecipitate 
is obtained, whicli contains the wlmle of the phosphoric acid, together 
with some basic ferric acetate. It must be filtered hot, and washed 
with hot water; the filtrate contains the alkaline earthy bases as 
chlorides. 

Small quantities of phosphoric acid, in the presence of large 
amounts of a ferric salt, such as are met with in solutions of iron 
ores, of pig-iron, steel, &c., are best removed by first reducing the 
ferric to ferrous salt by boiling with sulphurous acid, nearly neutral- 
ising with sodium carbonate, and lastly adding sodium acetate and 
a few drops of feiric chloride (or by reoxidising a small portion of 
the ferrous salt by the addition of a little chlorine water, or a drop 
or two of bromine water). The phosphoric acid is precipitated on 
warming. Loss arising from the Wvent action of ferric acetate 
is avoided, as ferrous acetate does not dissolve ferric phosphate. 

H 3 ASO 4 exhibits with ferric chloride a similar reaction, and has 
therefore to be separated from an acid solution, by reduction with 
sulphurous acid and precipitation by a current of SH^ gas. 

Small amounts of phosphorus (usually found in soils as phos- 
phoric acid), in iron ores, pig-iron, steel, copper, &c., may also be 
precipitated, after dissolving the ore or metal in hydrochloric and 
nitric acids, whereby the phosphorus is converted into H^PO^, and, 
after driving off the excess of acids by evaporation a^jd taking up 
the i*esidue with concentrated nitric acid, by adding a solution of 
ammonium molybdate and concentrated nitric acid (silicic acid 
is separated by evaporation to diy ness ; and arsenic acid, if present, 
should be first removed by sulphuretted hydrogen). On digesting 
the solution at a gentle heat (G 0 ° 0 .) (for some hours is neces- 
sary), a bright yellow precipitate of ammonium phospho-molybdate 
is'obtained. The constitution of this precipitate is somewhat com- 
plicated ; it contains molybdic acid, ammonia, and phosphoric acid, 
M 0 O 3 , 90’7 p.c. ; PgOg, ilT p.c. ; (NHJX, 3*6 p.c. ; and OH^, 2*6 p.c. 
after drying at 100'^ 0. By washing "the yellow precipitate with a 
solution of ammonium molybdate, and lastly with a solution of 
ammonium nitrate, and then dissolving it in ammonium hydroxide, 
filtering, and adding NH^OU NH^H, and MgSO^, the phosphoric, 
acid is obtained as NH^MgPO^ (see cmte). 

W^iite of egg (albumen) is not coagulated by tribasic phosphoric 
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acid, nor by a solution of an orthophosphate acidulated with acetic 
acid. r 

PYROPHOSPHORIC ACID, H.PA -^I^yi’ophosphates are obtained 
by heating monhydric pliosphates. They are of little im])ortance 
however, since they are not usually met with in natural compounds, 
and as they are speedily hydrolysed by the action of acids and alkalies 
into tribasic phosphates. 

Reactions in Solution. 

Employ a solution of sodium pyrophosphate, Na^P., 0 ,. 

Alkali pyrophosphates are soluble in water. 

All others are insoluble in water, but soluble in dilute acids. 

The presence of a soluble pyrophosphate is indicated on adding 
AgNO,,, which gives a white precipitate of silver pyrophosphate, 
xYg^P^Oy, soluble in nitric acid or ammonium hydroxide. 

Albumen is not coagulated by the free acid, nor by an acetic acid 
solution of a pyrophosphate. 

(hIH^),MoO^ (ammonium molybdate) does not give a precipitate 
until by the action of mineral acids the pyrophosphate lias been con- 
verted into a normal phosphate. 

METAPHOSPHORIC ACID, I-IPO3, is distinguished from the tetra- 
and tribasic acid as follows : 

Albumen gives an abundant A^ite precipitate with the free acid 
and with soluble metaphosphates on the addition of acetic acid. 
Magnesia mixture fails to precipitate soluble metaphospliates. 
AgSr0.j produces a white precipitate of silver metaphosphate. 

In the ordinary course of analysis both pyro- and metaphosphates 
are converted into normal phosphates, and their tetrabasic and mono- 
basic nature is lost sight of. They can, therefore, only be detected 
. by special expeiuments, 

PHOSPHOROUS ACID, H^PCj^ (dibasic). — Phosphorous anhydride, 
PjOjj, is obtarlned by the slow oxidation of phosphorus on exposure 
to dry air at the ordinary temperature. By combining with water 
it forms a very weak acid. With bases it forms phosphites. 

Dry Reactions. 

Heated by themselves on platinum foil, phosphites are decom- 
posed, burning with a bright dame. Heated in a retort, they evolve 
hydrogen, mixed towards the end of the decomposition with PIL, and 
.are converted into phosphates. 

Reactions in Solution. 

A solution of hydrogen sodium phosphite, HNa„PO,, may be 
employed. ? 2 .a 

, Alkali phosphites are soluble in water. 

All other phosphites are, for the most part, difficultly soluble or 
insoluble in water, but soluble in acetic acid (lead phosphite excepted). 
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Phosphites (as well as hypophosphites) are of interest, mainly on 
account of the powerful reducing action which t.hey e^^ert upon salts 
of various metallic oxides, capable of forming lower oxides, or of 
being reduced to the metallic state, as w'ell as upon the lower oxides^ 
&c., of metalloids, SO.,. 

AgNOg is reduced thereby to metallic silver, especially in the 
presence of ammonium hydroxide and on the application of a gentle 
heat. 

HgCl., and Hg/NOg)^ are reduced to Hg.,Gl,and metallic mercury. 

SO., forms a phosphite, with liberation of sulphur and evolution 

of sh; 

If a phosphite be mixed with zinc and dilute ITCl, a mixture of 
hydrogen and PHg is evolved, which fumes in the air and burns with 
an emerald-green colour. On pasvsing the gases through a solution 
of silver nitrate a precipitate of silver phosphide and metal is 
obtained. 

The difficultly soluble phosphites of Ba, Ca, Pb, obtained 

by double decomposition, the latter salt being insoluble in acetic 
acid. 

HYPOPHOSPHOROUS ACID, H J'l ,PO., (monobasic) . — Obta ined 
by the action of alkalies or hydroxides of the alkaline eartliy bases 
upon a-phosphorus and water. 

P,, -h 80 H., -{- 3 KHO = 3 (KH.,PO.,) + PK, 

Dry Reactions. 

Hypophosphites are decomposed upon ignition into pyrophos- 
phates and PHg : IKH^PO^ = K_^P^O- 4- 2PH3 -1- OH^. 

Reactions in Solution. 

A solution of potassium hypophosphite may be employed. 

All hypophosphites are soluble in water. They constitute even 
more powerful reducing agents than the phosphites. 

Nitric acid or chlorine water changes them into phosphates. 

H.,S04 is reduced to H^^Og, partly even to sulphur. 

CUSO4 is reduced to mkallic copper or cupric hydride, CuH,. 

HgOl, is reduced to Hg.Olg, and then to mercury. 

AuOlg and AgNOg yield the ffietals. 

Zn + H.,S04 (nascent hydrogen) yield and PHg. 

In the “ordinary course of analysis both phosphorous and hypo- 
pljosphorous acids are converted into phosphoric acid, and they must 
therefore be identified by the special reactions just described. 

Their soluble salts will act as photographic developers, but are 
inconvenient substances to obtain and work with. 

SILICIC ACID (H^SiOJ (?).— Silicic anhydride or silica, SiO,, occurs 
in nature both in a crystalline and amorphous condition, either in^ 
the free or combined state. Quartz and rock-crystal are composed 
of almost pure crystalline silica. Opal, hyalite, and some other 
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minerals consist of amorphous silica, and are probably derived from 
silicon hydrates by a process of slow dehydration. Other silicious 
bodies, such as chalcedony, agate, flint, are principally composed of 
amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with ONa^, 
CaO, MgO, Aip.^, FeO, MnO, are exceedingly numerous, and vary to 
a very great extent in their constitution and properties. 

Dry Reactions. 

Both varieties of silica are characterised by their infusibility 
when heated by themselves before the blowpipe, or in a bead of 
microcosmic salt. Pure silica fuses with sodium carbonate to a clear 
glass, which, if sufficient silica has been used, remains transparent 
on cooling. Silicates rich in silica behave like pure silica. If a 
fragment of a silicate is heated with microcosmic salt, its base or 
bases are dissolved, while the silica is seen to float about in the liquid 
phosphate bead as a silica skeleton. Silicates containing coloured 
oxides give rise to opalescent beads in which the SiO^ can be distin- 
guished only with difficulty. 

When silica, or a silicate rich in silica, is heated on platinum wire 
before the blowpipe with sodium carbonate, the SiO^ displaces the 
COg, and forms a clear glass of sodium silicate. The alkali carbonate 
should not be employed in excess. Calcium and magnesium silicates 
do not dissolve to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate undf^r examination, respecting its fusi- 
bility, state of hydration, &c., the blowpipe reactions fail to supply 
distinguishing tests regarding the chemical composition of these 
bodies, since a very large number of silicates differ from each other 
merely in the relative proportions of their component metallic 
elements. 

Reactions in Solution. 

Silicates may be divided into : 

1. Silicates which are soluble in water, including only potassium 
and sodium silicates ; and 

2. Silicates insoluble in water, including all others. 

These latter silicates are either soluble in concentrated hydro- 
eblone or sulphuric acid, or partly soluble and partly insoluble, or, 
lastly, insoluble in these acids. 

Ail insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicon fluoride, or by fusion mixture (or causjic 
baryta) at a high temperature. 

By treating an aqueous solution of sodium silicate, ]Sra.,Si0.t, with 
dilute hydrochloric acid, it is decomposed into ISTaCl and H^SiO^. 
The latter remains either dissolved in the acid, or is partially 
separated in a colloid or gelatinous form. On heating in a 
^porcelain dish over a water-bath, the gelatinous mass becomes 
firmer, and can be broken up, by means of a glass rod, into lumps, 
which speedily lose their water, leaving anhydrous silica. The dried 



REACTIONS OF THE ACIDS. 


289 


mass is treated with a little concentrated hydrochloric acid and hot 
water, when NaOl is dissolved out (together with smaU quantities of 
A1 and Fe — impurities in the sodium silicate), and the silica remains 
insoluble. ' 

Ammonium chloride or carbonate precipitates H^SiO,^ from a 
solution of sodium silicate. Salts of most of the heavy metals, as 
well as of the alkaline earthy metals, form by double decomposition 
with a soluble silicate white or yellowish white silicates,^ soluble in 
dilute hydrochloric or nitric acid, which, however, possess no charac- 
teristic properties. It is therefore necessary to remove the silica in 
order to detect bases, by evaporating to dryness with hydrochloric 
acid. On digesting the dry mass with a little hydrochloric acid, the 
metallic oxides are dissolved, and can be 
separated by filtration from the silica. 

SiO^, like P^O^, is detected whilst testing 
for "bases. 

Most natural and artificial silicates are 
insoluble in water. Many, e.g.^ zeolites, 
as well as certain artificial silicates, such 
as slags from blast furnaces, &c., are 
decomposed on digesting the finely pow- 
dered silicate with concentrated hydro- 
chloidc acid. 

Silicates, such as kaolin and clays, 
which are not attacked by hydrochloric 
acid can frequently be decomposed, ^either 
partially or wholly, by hot concentrated 
sulphuric acid diluted with about one- 
third of its weight of water ; many natural Fiu. 95. 

silicates yield more or less silica on treat- 
ment with hydrochloric acid, which silica may be taken to represent 
the soluble silica or the decomposable silicates, leaving the greater 
portion of the mineral behind in its original condition. 

Silica, or silicates insoluble in acids, forming by far the greater 
number, are readily attacked by gaseous hydrofluoric; acid, or by 
fiuor spar and H^SO^, gaseous SiF,j being given ofi\ This method 
may be resorted to when alkalies are present in a silicate, as, e.^., in 
felspar. A little of the finely powdered silicate is moistened with 
strong ammonia, put into a platinum crucible or small platinum 
capsule, and exposed to the action of gaseous HF. This gas should 
be generated in a leaden or platinum vessel. The platinum crucible 
is to this end supported on a lead tripod in a small leaden basin, 
which can be closed with a lid of the same metal. A layer of 
fiuor spar is put at the bottom of this vessel, mixed and covered with 
concentrated sulphuric acid. The leaden vessel, after being covered, 
is placed for a day or two in a warm place. The crucible is then 
taken out, and its contents cautiously evaporated by applying a 

* Calcium or barium silicates formed in this manner are useful as pr^:^ 
servativos of the surfaces of buildings of dolomitic limestone. &c., against the » 
action of gases, as SOg, contained in the smoky air of towns, 



19 



290 A COURSE OF PRACTICAL CHEMISTRY. 

gentle heat, as shown in Fig. 95, from the upper part of the crucible 
downward, tW the whole of the ammonium fluoride has been driven 
off. The dry residue is dissolved in hydrochloric acid and tested for 
bases. A small residue is usually left, which is filtered ofll and 
treated once more in the same manner. 

An expeditious way of detecting SiO^ with cei'tainty is to warm 
a little of the finely powdered mineral, mixed with fluor spar, with 
strong sulphuric acid in a piece of lead tube closed at one end, and. 
bent almost into a U form, with the open limb shorter than the 
other. On arranging this to dip only just below the surface of w^ater 
in a small beaker, and applying heat to the closed limb containing 
the mixture, SiF^ will be given off, and form gelatinous SiO^, on 
contact with the water. 

The same result may be obtained more expeditiously by treating 
the mineral in a platinum crucible with liquid hydrofluoric acid, and 
evaporating cautiously in a well-ventilated draught closet. The 
residue is dissolved in hydrochloric acid. Any insoluble part 
which may be left is separated by filtration and treated again with 
hydrofluoric acid. This treatment has generally to be repeated 
several times before the whole of the bases are obtained in a soluble 
condition. 

Treatment with CaF^ and concentrated is sometimes objec- 

tionable, on account of the formation of insoluble CaSO^.OH^. 

A less cumbersome yet equally satisfactory method for decom- 
posing silicates in order to detect the alkalies in them is the follow- 
ing: Mix -5 grm. of finely powdered silicate intimately with *5 grm. 
of pure NH^Cl, and then with 4 grms. of pure precipitated granular 
calcium carbonate,^ and heat the mixture in a platinum crucible, 
first gently, and by means of a small Bunsen flame, till the ammonia 
is volatilised. Then apply a stronger heat, and, lastly, heat for half 
an hour over a good bunsen flame. The sintered mass consists now 
of caustic lime, disintegrated silicate (rendered soluble in acids), and 
alkali chlorides soluble in water, besides OaClg. It is next slaked 
and repeatedly extracted with small quantities of hot water at a 
time. The liquid after filtration is free from silica and contains the 
alkali metals as chlorides. The lime in solution is removed by pre- 
cipitation with ammonium oxalate and hydroxide, and the filtrate 
evaporated to dryness and gently ignited, when the fixed alkali salts 
are left behind. 

All silicates insoluble in water and acids may be decomposed by 
fusion with alkali carbonates (fusion mixture). They are first 
ground up very finely in an agate mortar, then intimately mixed 
with three or four times their weight of fusion mixture, and heated 
in a platinum crucible as long as any CO^ is given off. This may be 
done over a good bunsen flame, or by means of a gas blowpipe. 
(A platinum crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 

^ * Prepared by precipitating a dilute solution of CaOIgat 70° 0. with excess 

of ammonium carbonate, aa4 washing the precipitate thoroughly with hot 
water bv decantation. 
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by a preliminary examination of the silicious substance on charcoal.) 
The mass is at once treated with dilute hydrochloric a»cid and evapo- 
rated to dryness. The residue is treated with a little HCl, water 
is added, and the solution of the base filtered from the silica. The 
alkalies must be examined for in a separate portion by treatment 
with hydrofluoric acid. 

. Pure amorphous silica dissolves completely when boiled with an 
, aqueous solution of fixed caustic or carbonated alkalies. 

SiO^ is separated from TiO.^ (titanic anhydride) by fusion with 
HKSO4, and subsequent treatment with water; the SiO^ remains 
undissolved. The TiO^ is precipitated from the acidulated aqueous 
solution by long-continued boiling. 

BORIC ACID, H3BO3 (orthoboric acid). — Is found in nature both 
combined and in the free state. 

Dry Reactions. 

Most borates swell up when heated by themselves, and fuse into 
#a transparent glass. The free acid forms scaly crystals, possessing 
a pearly lustre and feeling peculiarly greasy to the touch. 

When heated to 100° C. the crystals lose water and become con- 
verted into metaboric acid, HBO^, and by further heating this acid 
fuses to a colourless, transparent, glassy-looking mass of boric anhy- 
dride, BgOg, which can be kept in a fused condition without loss from 
volatilisation. » 

A mixture of KHSO4 and a borate, heated on a platinum wire in 
the blowpipe flame, imparts a green colour to the flame, owing to the 
liberation of boric acid. 

To detect small quantities of boric acid before the blowpipe, the 
borate is powdered and mixed with KHSO^ and OaF^.* The mixture 
is made into a stifl* paste with a few drops of water, and cautiously 
introduced, on the loop of a platinum wire, into the inner blowpipe 
flame, when the outer flame acquires momentarily a yellowish green 
tint, owing to the volatilisation of boric fluoride, BF3. Phosphates 
as well as copper salts, when moistened with sulphuric aci(J and heated 
in the outer flame, give likewise a green tint to the flanje. 

Reactions in Solution. 

A solution of borax, Na^B^Oj,, is used. 

The alkali boi’ates are soluble in water ; all others are difiicultly 
soluble, but none are absolutely insoluble. All borates dissolve in 
acids and ammonium chloride. 

The precipitates produced by double decomposition of a soluble 
alkali borate with salts of the alkaline earths, or with lead, silver, 
mercurous, or ferrous salts, &c,, are white or yellowish white, and are 
readily soluble in acids and ammonium chloride. 

The free acid dissolves in water and alcohol, and its solutions 

* Three to four parts of the flux (consisting of one part of powdered CaFo 
and four aud a half to five parts of 
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impart to a bunsen gas flame a fine green colour. _ An alcoholic 
solLon inflamed in a porcelain dish, or, better still, in a test-tube, 
fives the same characteristic flame, and the colour becomes all the 
more perceptible when the burning alcohol is stirred with a glass 
rod The B 0, is volatile along with the alcohol, which is not the 
case with oth'er substances, as Ou or Ba salts. A borate mixed with 
strong sulphuric acid shows the same reaction, but it is preferable- 
to make a paste of the substance with strong and to. 

brine a small quantity of this on a platinum wire near to the -lower 
part of a non-luminous flame. The boric acid is shown by the green 

^”a green flame (of a somewhat greenish blue tint, however) is 
obtained also by heating many metallic chlorides with alcohol and 
concentrated sulphuric acid (owing to the formation of ethylic 
chloride, O^HjCl), also by passing hydrochloric acid gas into the 

flame of burning alcohol. -j-i-f j 

If a borate cannot be decomposed by sulphuric aeid, it is fused 
with potassium hydroxide, and the fused mass may be extracted with 
alcohol, or it may be tested as above. , . , 

An aqueous solution of boric acid cannot be evaporated without 
loss of acid from volatilisation. 

An alcoholic solution of boric acid colours turmeric paper reddish 
brown, especially on drying the strips of paper in a warm place (a 
wafer-oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
ti'tarie acid). The colour produced by heating turmeric paper with 
hydrochloric acid is blackish brown, and must not be confounded with 
the colour produced by boric acid. The dried paper acquires a green 
or a blackish tint when touched with alkalies, as NaHO. 

Hydrofluoric acid (or H„SO< and_ CaF^) decomposes all borates, 
with formation of volatile boric fluoride, thus : 

Na^B.O, + eOaF^ + 7H,S0^ = GOaSO, ]sra 2 S 04 + 4 BF 3 + 70H,, 
and if the gaseous boric fluoride be passed into water, it forms hydro- 
fluoboric aijj-d, thus : 

4BF3 -1- 3OH3 = 3 (BF 3 ,HF) + H3BO3. 

• Hydrofluoboric 

acid. 

This acid combines with bases, forming borofluorides or ifluoborates, 
thus: BF 3 ,HF + KHO - BF 3 ,KF + OH,. 


ORGANIC ACIDS. 

HYDROCYANIC ACID (prussic acid), HCy. — This acid* con- 
sists of hydrogen and the compound radical cyanogen, Cy, molecule 

^ The compounds which the radicals cyanogen, ferro- and ferri-cyanogen, 
* &c,, are capable of forming will be treated somewhat more fully, since a 
thorough understanding of the various reactions is necessary in order to 
analyse cyanogen compounds successfully, 
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CN 

It forms salts called cyanides, which are analogous in their 

chemical constitution to chlorides, bromides, &c. Cyanogen cannot 
be obtained technically by the direct combination of carbon and 
nitrogen, although it is formed in the electric arc, but an alkali 
cyanide results from the action of caustic or carbonated alkalies 
upon nitrogenous organic bodies, such as fibrin, albumen, and gelatin 
'at a high temperature. Commercial cyanide of potassium contains 
'some cyanate, and generally a large quantity of carbonate. 

When organic substances containing nitrogen are heated with 
sodium or potassium, and some other metals, as Mg or Fe, the two 
elements C and N seem to be simultaneously liberated, and then 
combine with the alkali (or other metal) to form a compound which 
is very stable at a high temperature. In order that the whole of 
the nitrogen may be resolved into this form, it is necessary for any 
oxygen present to be fully taken up, either as water by excess of 
hydrogen, or as CO, carbon monoxide, by carbon. Alkali cyanides 
are formed in the iron blast furnace. 

Dry Reactions. 

KCy and NaCy are not decomposed upon ignition in closed 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with free access of air they are converted into cyanates. 
The same change takes place, only more speedily, when potassium 
cyanide is heated with less energetic oxidising agents, such as MnO^, 
PbOg, PbO, CuO, SnO^, &c., when tl^e metal or a lower oxide is left. 
Heated in the presence of metallic sulphides, it is converted into 
potassium siilphocyanate, KSCy. Potassium cyanide is on this 
account a most valuable deoxidising and desulphurising agent, and 
is employed in blowpipe reactions whenever a metallic oxide (or 
sulphide) has to be reduced to the metallic state. Cyanides of the 
heavy metals undergo decomposition upon ignition; some (e.^., the 
cyanides of the noble metals) break up into metal and cyanogen 
gas ; others into the metal, carbon, and nitrogen (e.^., the cyanides 
of iron) ; others, again (such as AgOy, HgCy^, Ou0y^„ ZnOy^,), yield 
cyanogen gas, metallic silver, mercury, <fec., and paracyanogen — a 
brownish black substance, which is polymeric with cyanogen, usually 
expressed by the symbol Cy„. 

This behaviour of solid cyanides furnishes ready means of 
preparing cyanogen gas, either by igniting dry I-IgOy^, or AgCy ; 
or by heating two parts of dry yellow prussiate of potash, or 
potassium ferrocyanide, K^FeOyg, with three parts by weight of dry 
ITgCl,. 

CYANOGEN * Melting-point, - 34-4“ 0. ; boiling-point, 

20*7° 0. Pelative weight, gas = 1*799 ; liquid = *866, — It is a colour- 

* Cyanogen gas should on no account be prepared unless for some special 
purpose, and with every precaution against breathing the gas, owing to its 
fearfully poisonous nature. Cyanogen and its conopounds with the alkali* 
metals are extremely stable bodies at a high temperature. Great chemical 
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less gas of peculiar odour, burning with a beautiful purple or peach- 
blossom coloured flame, and yielding 00^, and N. The gas is nearly 
twice as heavyms air, and since water dissolves about four times its 
own volume it must be collected over mercury, or by downward 
displacement. In OHClg or CCI^ it is much more soluble. An 
aqueous solution decomposes spontaneously into a variety of pro- 
ducts.^ It is one of the few gases which condense to a liquid at 
a moderate pressure (8*6 atmospheres). 

Cyanogen compounds, when ignited in a tube with excess of soda- 
lime, give up the whole of their nitrogen as ammonia. 

Reactions, 

To test a gas for cyanogen it should be shaken up with KHO, which 
absorbs the cyanogen, forming cyanide and cyanate of potassium, the 
solution of which may be tested as usual. 

It is also absorbed by yellow ammonium sulphide, forming sulpho- 
cyanate of ammonium, which is easily identified by the dark red 
colour it gives with ferric salts. 


Reactions in Solution, 

The cyanides of the alkali metals and alkaline earthy metals are 
soluble in water, the former readily, the latter with difficulty. The 
cyanides of the heavy metals are insoluble in water, with the excep- 
tion of HgOy^ ; but are for the most part soluble in a solution of 
potassium cyanide, forming soluble double cyanides, which are 
frequently crystalline, and whic^ji upon ignition are decomposed like 
single cyanides — le,y the cyanide of the heavy metals breaks up into 
metal and cyanogen, or metal, carbon (carbide ?), and nitrogen, whilst 
the alkali cyanide is not decomposed, and can be dissolved out from 
the residue. 

The following is a list of some of the more important single 
cyanides — i.e,, cyanides which contain only one metal : 


Pota^ssium cyanide, soluble in water . . KCy. 

Sodium „ „ „ . . NaOy. 


stability is thought to be associated with or to depend upon a more or less 
symmetrical structure. That- of cyanogen may perhaps be represented as 
0 '^^ ^ N=C C-N 

1 although an isomeric form is possible | }[ and even 1 |} which 

U-K N=0 0-N 

would be a ring or closed chain formula. 

C=N— K N=:C— K 

A cyanide might then be | or | | which is less in keeping 

C=N— K N = C--K 


with experiment. The cyanogen molecule contains, undoubtedly, ^'labile” 
elements. 

* It should form ammonium oxalate exclusively from the following reac- 
tions : 


(I) (NEI,).A 04 - 4H2O = C3N2 ; 

(II) C2N2 4 - 4H2O = 

r The former can be carried out with the aid of PaGg, but the second is some 
what difficult to manage quantitatively. 



REACTIONS OF THE ACIDS. 


295 


Barium 
Silver 
Zinc 

Cadmium 
Nickel 
Cobaltous 
Cuprous 
’ Mercuric 

Some of these single cyanides are readily decomposed by acids, 
with evolution of hydrocyanic acid ; others are more stable. 

Double cyanides contain, generally, a cyanide of an alkali metal, 
K or Na, and another cyanide, as Zn(ON)y or Cd(ON)^„ &c. They 
seem to resemble to some extent some double chlorides. Most, if 
not all, the insoluble cyanides are soluble in an excess of an alkali 
cyanide. (See AgOy.) 

The action of dilute acids shows clearly the existence of two 
distinct classes of double cyanides — viz. : 

1st. Double cyanides which are readily decomposable, giving off 
hydrocyanic acid when treated with dilute mineral acids. They 
possess an alkaline reaction. Their alkali cyanide is decomposed by 
dilute mineral acids into HON and a salt of the alkali metal, and 
into a cyanide of the heavy metal, which remains in combination 
with the liberated HON, and this cyanide, being insoluble, is precipi- 
tated, or both cyanides are decomposed, and the whole of the HCy 
is liberated, e,g , : 

( 1 ) KAgCy. + HNO 3 = AgOy + HCy 4- KNO^. 

Precipitated . 

(2) K^ZnCy, + 4HC1 = ZnOl, + 2K01 + 4H0y. 

2ncl. Double cyanides which possess a neutral reaction and give 
off no hydrocyanic acid when treated with dilute hydrochloric acid, 
the negative element of the acid forming a salt with the alkali 
metal, whilst the hydrogen or positive element, by uniting with the 
remaining elements, forms a new acid of a more complex nature, 
thus : 

K.FeOy. + 4HC1 = H^FeCy, 4 - 4K01.* 

Hjdroferrocyanic 

acid. 

KoFe.Cy,, + 6HC1 = H.Fe^Cy,^ 4- GKCl. 

« ' Hydroferricyanic 

acid. 

K,Oo,Cy., + 6H01 = H,Oo,Oy,, + GKCl, 

Hydrocobalticyanic 

acid. 

* In these salts (ferro- and ferri- and cobalti-cyanides) the constitution is 
very likely somewhat akin to that of benzene compounds, and is expressible as * 
a closed chain, ring, or nucleus. Their much great stability, &;c., certainly 


difficultly soluble m water BaCy^. 
insoluble in water . . AgOy. 

. •►ZnCy.. 
. OdCy;. 
. NiCyJ. 

. CoCy; 

. 0u,Oy,, 

soluble in water . . IlgOv., 
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The single, as well as easily decomposable double cyanides, which 
yield hydrocyanic acid, when treated with dilute mineral acids, are, 
moreover, remarkable for their highly poisonous character, whilst 
these latter — the double cyanides containing a very stable cyanogen 
radical, e.^., ferrocyanogen, FeOyg, cobalticyanogen, OOgCyiy — are not 
poisonous, or not markedly so. 

All these complex cyanogen compounds — both decomposable and 
non-decomposable— may be viewed as double cyanides. 

The following list contains some of the more interesting double 

points to a different structure from that of single and decomposable double 
cyanides. 

Potassium ferrocyanide might, for instance, be pictured as a cyanogen ring, 


/ 

W 

O 

K" \ 


fe 


r> 

W 

/ 




and when this is converted by oxidation into ferricyanide, K3Fe(CN)6, 


0 

/ 




r 

fe 


W 

/ 

Os., 


Of course the Fe or Co may be doing quite different work in these com- 
pounds from what they are doing in ordinary salts. There is no proof that it 
may not be tetravalent or hexavalent. Whether the iron is directly united to 
carbon or nitrogen or to the cyanogen molecule as a whole is all waiting for 
investigation to settle. In the meanwhile these views do no harm. In ferro 
and nickel caftoonyls the metals can scarcely be otherwise than attached to 
carbon. 

The easily decomposable double cyanides, as K2ZnCy4, might be expressed 
thus : 




c:«yv 
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C^N 
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H-/^C Z/7 
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Af*C 


or a less probable form : 
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cyanides — i.e., cyanides containing more than one metal — the easily 
decomposable class being indicated by a comma placed between the 
cyanogen and the metal : * 


Potassium 

zinc cyanide .... 

K,Zn,0y4. 


cadmium cyanide 

K:Cd,0y4. 

:? 

nickel 55 • 

K,Ni,0y4. 

JJ 

silver 55 • 

KAg,Oy.,. 

?5 

aurous 5? • 

KAu',Oy.,. 

• J) 

auric tetre cyanide 

KAu'"Oy4. 

55 

cuprous cyanide .... 

K'„Cii'„(3y4. 

55 

platinous „ . . . . 

K,Pt":Oy4. 

55 

platinic „ 

K'4Pt"'j,Cy,j. 

55 

ferrous cyanide (potassium ferro- 



cyanide, yellow prussiate) 

K.FeOy,. 

55 

ferricyanide, red prussiate . 

K,,Fe,Oy.,.* 

5’ 

cobalticyanide .... 

K,po.,Oy,,.* 

55 

chromicyanide .... 

Kpr-py,,.* 

55 

manganicyanids .... 



If the different behaviour of these double cyanides with dilute 
acids and with ferroso-ferric salts be noticed, the easily decomposable 
double cyanides giving a precipitate of Prussian blue, whilst the 
others — the difficultly decomposable double cyanides — yield no hydro- 
cyanic acid when treated with dilute acids, and produce (with the 
exception of the ferro- and ferri-cyanogen compounds) no precipitate 
of Prussian blue with ferroso-ferric^ salts and hydrochloric acid, it 
becomes evident that the complex groups of elements, ferro- 
cyanogen, FeOy^, ferricyanogen, Fe^Oyj^, cobaldcyanogen, COg0y,g, 
&c., which behave, like cyanogen, as a group or complex, may like- 
wise be viewed as compound radicals, if by this term is denoted a 
group of common and constant constituents found in a whole series 
of compounds, and capable of replacing multiples of Cl, Br, (fee., in 
constant atomic proportions. 

It is possible to produce by double decomposition precipitates 
with soluble salts of almost all the heavy metals in which the potas- 
sium — or positive radical — is either entirely or partially exchanged 
for an equivalent quantity of a heavy metal, whilst the negative 
group of elements remains unaltered, thus : 

K^FeOy, + CuSO, = K,CaFeCy, + K,SO,, or 
K,FeCy, + 2CuSO, = Ou^FeCy, + 2K,80,. 

On the addition of an alkali hydroxide or carbonate, the whole 
of*the heavy metal is removed as hydroxide or carbonate, with forma- 
tion of an alkali ferrocyanide. 

Easily decomposable soluble double cyanides give likewise precipi- 
tates with solutions of heavy metals, e,^. : 

2KAgCy, + ZnSO, - Zn.Ag.Cy, + SO,K, ; 

Precipitated. ^ 

* These formuhe may be halved for simplicity, thus : KaFeCy^, &c. 
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but there is no evidence to show whether these precipitates are real 
compounds or only mixtures of two insoluble cyanides ; nor is there 
any proof thaf alkali hydroxides reproduce the original double 
cyanide. Dilute sulphuric acid decomposes ZnOy^ in the above 
precipitate, AgOy being left behind, just as if no connection had 
existed between the two cyanides, or simply because the AgOIST is so 
insoluble. Alkali hydroxides or carbonates are without action upon 
easily decomposable cyanides. A few are decomposed by sulphuretted 
hydrogen, e.g., K^CdOy^, K^HgOy^, KAgOy^, with precipitation of a 
metallic sulphide; in others, such as K^MnCy^, K^NiOy^, K^ZnOy^, 
and K^CuCy^, the metal is only partially precipitated. 

It is evident from these changes that easily decomposable and 
difficultly decomposable double cyanides differ in stability, and this 
probably depends upon chemical structure as much as upon the 
individual nature of the metal they contain. 

A solution of potassium cyanide, KCy, may be used for the wet 
reactions. 

AgNOg gives a permanent white curdy precipitate* of silver 
cyanide, AgOy only, when more than one molecule of AgNOg has 
been added for every two molecules of KOy. The precipitate is 
insoluble in dilute nitric acid, soluble in ammonium hydroxide, sodium 
thiosulphate, and potassium cyanide. AgCy resembles AgCl so 
very closely that special experiments are required to distinguish it 
from the latter, or to detect hydrocyanic acid in the presence of a 
chloride. r 

This may be done (1) by boiling with sti’ong HNOg, which 
dissolves AgCy but not AgCl ; (2) by igniting a mixture of AgCl 
and AgCy, which has been entirely freed from silver nitrate by 
washing with hot water, when AgCy is decomposed into cyanogen^ 
metallic silver, and paracyanogen. AgCl fuses wdthout decomposi- 
tion. On dissolving the residue in nitric acid and filtering, a pre- 
cipitate of AgCl is obtained, on the addition of hydrochloric acid, 
or a soluble chloride, the silver of which must have been present 
originally as cyanide. (Distinction between HCl and HCy.) 

Dilute mineral acids decompose potassium cyanide readily, with 
evolution of HCy. On decomposing a small quantity of KCy by 
dilute sulphuric acid in a small porcelain dish, and inverting another 
small dish containing a drop or two of yellow ammonium sulphide 
over it, the gaseous hydrocyanic acid, acting upon the ammonium 
sulphide, forms ammonium sulphocyanate, NH^SCy, and 
thus : (NH,),S, + HCy = NH.SCy + NH,HS. The solution then gives 
a characteristic blood-red coloration with Fe^Ol^. 

This constitutes one of the most delicate reactions for free hydro- 
cyanic acid, as well as for soluble or easily decomposable cyanides. 

CuSO^ to which a solution of SO^ has been added, gives with 
KCy a white precipitate of cuprous cyanide, Cu^^Cy^j, soluble in 
potassium cyanide (KgCuyOyJ. 

* HgC.Vg is not precipitated by silver nitrate. 
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Mercurous niti^ate, gives a grey precipitate of metallic 

mercury, whilst HgOy^ remains in solution. 

Iron salts are among the most delicate reagents fSr hydrocy^inic 
acid, or for soluble cyanides, on account of their tendency, especially 
in the pi^dsence of potassium hydroxide, to form difficultly decom- 
posable double cyanides (containing the compound acid radicals ferro- 
and ferri- cyanogen), which are of a characteristic blue colour (hence 
the name cyanogen, from Kvayos, blue, yeyyda), I generate). The 
solution containing hydrocyanic acid, or a soluble cyanide, is first 
treated with a little potassium hydroxide, then with a mixture of 
ferric chloride and ferrous sulphate, and heated. On the addition 
of dilute hydrochloric acid, in order to dissolve the precipitated 
ferrous and ferric hydrates, a fine blue precipitate, or in the case of 
a mere trace of HCy a green coloration only, of Prussian blue is 
obtained. The changes may be expressed by the equations : 

(1) KUO + HCy = KCy + OH,. 

(2) FeSO, + 2KCy = FeOy* + K,,SO,. 

J’eCyg, by combining with 4K0y, forms the soluble double 
cyanide K^FeOy^. 

(3) 2Fe,01, + BK.FeCyg = Fe,(FeOy 6)3 + 12KC1. 

Free hydrocyanic acid dissolves mercuric oxide, with formation 
of mercuric cyanide, which is not precipitated by alkalies. HgCy, 
exhibits considerable stability compared with other cyanogen com- 
pounds. (Palladium cyanide is even more markedly stable. A 
palladium salt will remove cyanogen from Hg(ClSr) 2 .) Boiling dilute 
HgSO^ does not decompose it. Strong HOI breaks it up into HgCl, 
and HCy. When SH, is passed through its aqueous solution it is 
decomposed into HgS and HCy. 

The alkali ferro- and ferri- cyan ides are partially decomposed by 
warming with dilute sulphuric acid, with evolution of hydrocyanic 
acid. 

This furnishes a convenient method for preparing a solution of 
hydrocyanic acid. Ten parts by weight of K^FeCyg (yellow prussiate 
of potash) are distilled in a flask or retort with 36 to 40 parts of 
dilute sulphuric acid (one of acid to six of water). The flask or 
retort is connected with a Liebig’s condenser and double-necked 
receiver, from which any uncondensed gas can be carried under a 
Bunsen lamp, and burnt. Every joint should be made perfectly 
tight, and the condenser tube should dip into the water placed in the 
receiver. The reaction takes place according to the equation : 

2K,FeCyg + 3H,SO, = 6HOy + K,Fe"PeOyg + 3K,SO,. 

White residue, 
turning blue by exposure 
to the atmosphere. 

That is, only half the cyanogen is given off as HOlSr. 

* PeOya is scarcely known in an isolated condition, as it forms in the 
presence of KCy potassium ferrocyanide, K 4 FeCye, containing the compoun(^ 
cyanogen radical FeOyg, which in its turn reacts upon the ferric salt. ' 
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A solution of HCy^ in water or alcohol, when left to itself, under- 
goes spontaneous decomposition, with production of ammonium 
formate,* <fec. *HC]Sr combines also with acids, as HOI, and some 
anhydrous chlorides. The compounds are mostly easily decomposed 
even by water. A mere trace of mineral acid retards this decompo- 
sition considerably. 

Hydrocyanic acid is exceedingly poisonous. Small quantities of 
the gaseous acid, when inhaled, cause a peculiar sensation in the 
throat, and are followed by headache, giddiness, and other disagree- 
able symptoms. Great care must therefore be taken in operating 
with HCy, or with cyanogen compounds generally, and for the 
purposes of analysis small quantities only should be operated upon 
at a time. 


HYDROFERROCYANIC ACID, H^FeCyg. — This acid is tetra-basic. 
The potassium salt is prepared on a manufacturing scale by intro- 
ducing nitrogenous animal substances (horn shavings, (fee.) and iron 
into fused crude potash. The fused mass is lixiviated with water, 
and the salt allowed to crystallise out. It may also be prepared by 
decomposing Prussian blue with KHO or K^OOg, fused or strong 
boiling solutions, and separating the ferric hydroxide by filtration, 
thus : Fe4FeCyg)3 + 12KHO - BK^PeCyg + 2Fe,(HO)g. 

Potassium ferrocyanide, K^FeOyg + 3Aq, crystallises in large 
lemon-yellow crystals ; hence its name, yellow prussiate of potash. 
Its positive element (potassium) can, by doable decomposition, be 
replaced by other metals, either^ entirely or partially, and the pro- 
perty of cyanogen to form double cyanides is well illustrated by 
the reactions of the ferrocyanides. This will be seen from the 
following list of some of the more common of these : 


K.FeOyg + 3Aq. 

Na^FeCyg + 6Aq. 

(NH,),FeOyg+ BAq. 
Ba^FeOyg + 6Aq. 

KgBaFeOyg + 3Aq. 

Oa^FeCyg + 12Aq. 


K.OaPeOyg H- 3Aq. 
Cu^FeOyg + lAq. 
K,CuFeCyg -h 2Aq. 
K^FeFeOyg. 
NaK^FeCyg + BAq. 
FTH^KgP’eOyg -f- BAq. 


Dry Reactions. 

K^FeOyg fuses when strongly ignited, and breaks up into nitro- 
gen, potassium cyanide, and carbide of iron, or a mixture of carbon 
and iron, thus : K^FeCyg === 4K0y •4-20 -f Fo + 

Heated with free access of air, or in contact with metallic oxides, 
the KCy is further converted into potassium cyanate, KOCy. 

Reactions in Solution. 

A solution of potassium ferrocyanide may be used. 

The alkali ferrocyanides are readily soluble in water, the alkaline 
* Ammonium formate, NH4O2CH, when dehydrated, gives : 

1st, NH4O.2CH — H2O = NHoOOH = formamide, and 
2nd, NH2OCH - HgO = NGja == formimide. 

This is the reverse reaction. 



301 


REACTIONS OF THE ACIDS. 

earthy ferrocyanides are difficultly soluble ; those of iron and most 
other metals are insoluble in water, and many of tl^em are also in- 
soluble in acids. They are decomposed on boiling with potassium 
hydroxide, with formation of a solution of potassium ferrocyanide 
and an insoluble metallic hydroxide. Some ferrocyanides are re- 
markable for characteristic colours, notably so those of iron and 
copper; others are white, e.g.^ those of the alkaline earthy metals, of 
Zn, Pb, Ag, Hg; greenish white, NiFeOyg, reddish white, Co^FeOy^; 
Mn^FeCyg. Potassium ferrocyanide is employed, on this account, as 
a useful reagent in the qualitative examination of metals, and is 
especially useful in the detection of iron and copper. 

AgNOg produces a white precipitate of silver ferrocyanide, 
Ag^FeOyg, insoluble in dilute nitric acid and ammonium hydroxide, 
soluble in potassium cyanide, 

OuSO^, added in excess, to a solution of K^FeOyg, gives a red 
chocolate-coloured precipitate of cupric ferrocyanide, Cu^FeCyg, whilst 
an insufficient amount of the cupric salt gives a brown precipitate of 
di potassium cupric ferrocyanide, K^OuFeOyg. 

FeS 04 gives a light blue precipitate of potassium ferrous ferro- 
cyanide, K,FeFeCyg, thus : K^FeCyg + FeSO^ = K.FeFeCyg + K.SO^, 
which is slowly oxidised by exposure to the air, or rapidly, by oxidising 
agents, such as nitric acid, or chlorine water, to dark blue Prussian 
blue. 

Potassium ferrocyanide is, in fact, readily converted into potassium 
ferricyanide, E^gFegCyi^ (analogous to the conversion of ferrous salts 
into ferric salts), by various oxidisihg agents, such as chlorine, nitric 
acid, potassium chlorate and h^^drochloric acid, &c. 

Fe^Olg gives an intensely blue precipitate of Fe 4 (Fe 0 yg)g, called 
Prussian Wue, thus : SK^FeCyg 2Fe201g = Fe 4 (FeOyg )3 4* 12KC1, 
which constitutes at once a most characteristic and delicate reaction 
for feiTic salts and for ferrocyanogen (as well as for cyanogen, as has 
been already shown). This precipitate is insoluble in dilute mineral 
acids, but dissolves in oxalic acid to a blue liquid (blue ink), and in 
ammonium tartrate to a violet liquid, also used as an ink. It is 
decomposed by alkali hydroxides, as well as by calcium, and even 
more readily and completely by magnesium carbonate (magnesite). 
On boiling with mercuric oxide, Prussian blue is entirely decomposed 
into HgOyg and ferrous and ferric oxides, thus : 

¥e,(FeOy,\ -f OHgO - 9HgCy, + 3FeO + 2 Fe, 03 . 

By adding an insufficient amount of Fe,j01g to a solution of K^FeOy^ 
a blue precipitate is likewise obtained, which is, however, soluble in 
water, and is therefore called soluble Prussian blue (used for inks). 
It is generally thought to be composed of Prussian blue combined 
with potassium ferrocyanide. 

Concentrated sulphuric acid (about 10 parts by weight) decom- 
poses potassium ferrocyanide (1 part by weight of the dry salt), 
with evolution of carbon monoxide (method for preparing carbon 
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monoxide); the nitrogen of the cyanogen, being converted into 
ammonia, is regained as ammonium sulphate, thus : 

K^FeOyg 4 - 6 H,SO, + GOH^ = 600 + 2K,S0, + EeSO, + 

All cyanides, except those of silver, are decomposed in the same 
way. 

When concentrated hydrochloric acid is added to an alkali ferro- 
cyanide, hydioferrocyanic acid separates from a cold solution 'as a^ 
white crystalline powder,, which turns blue. If ether be added to 
the solution of potassium ferrocyanide previous to the addition of 
the acid, it is obtained quite colourless. It is still better when 
gaseous HCl is passed into the ferrocyanide solution to which the 
ether has been added. 


HYDROFERRICYANIC ACID, H^FeOy,, or H.FeCy,.- Potassium 
ferricyanide is derived from K^FeUyg by a process of oxidation, as, 
for instance, by passing chlorine into an aqueous solution of it, till a 
solution of ferric chloride no longer produces a blue precipitate, but 
imparts merely a brown coloration to the liquid. The change is 
expressed by the equation: 2 K 4 FeOyg+ Cl^^ EgFe^Cy^^ + 2K01. It 
is effected by the abstraction of two atoms of potassium from two 
molecules of 'K^FeOyg. Two atoms of cyanogen are transferred to 
two molecules of FeOy^, whereby the ferrous cyanide is converted 
into ferric cyanide. ^ 

It is also called red prussiate'of potash, on account of its colour. 

Reducing agents convert it into potassium ferrocyanide, especially 
in alkaline solutions. 

The following are instances of indirect oxidation effected by 
potassium ferricyanide : 


SHg converts the ferri- into ferro- cyanide, with separation of sulphur. 
R1 . , )? 5, with precipitation of iodine. 

Cr.^Ogj or its salts, in the presence of KHO, is converted into CrO-^. 


PbO 

MnO 

SnO 


KCy 

SO, 


Pbdo. 
Mndo. 
SnoJ 
f OOo "and 

1 oh;. 

IvOCy. 

PoO,. 

SO,. 


NHj gives with KjFe^Oyjjpotassium and ammonium ferrocyanidea, 
with evolution of nitrogen, thus ; 


6K,Fe,0y,, + If.NH, = 9K,FeCy, + SNH.FeOy, + N,. 

Many organic substances, e.y., sugar, dextrine, starch, alcohol, and 
even paper, are oxidised, in the presence of an alkali, to CO, and 
OUg. Indigo is bleached. Phosphorus, sulphur, and iodine are 
,^nvMt^ by the action of KjFe^Oyjj, in the presence of alkalies, 
.into H 3 FO., H,SO,, HIO,. ’ 
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Analogous to potassium ferrocyanide, the ferncyauide forms 
double ferricyanides, by the partial or entire replacement of the six 
atoms of the positive element, potassium, by different metals. The 
following. are some of the more important metallic ferricyanides : 

K.Fe.Cy^,,. ' Ba,K,Fe,Cy,^, + SOH,. 

Na, 5 Fe.,Oyi» ■!* ^^I- Fe.jFe.,Cyj., (Turnbull’s blue). 

Oa,,Ee;Oy,; + (lOH,. 

. Dry Reactions. 

Potassium ferricy ankle is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassium 
cyanide, potassium ferricyanide, Prussian blue, paracyanogen, carbon, 
and iron. 

Reactions in Solution. 

A solution of potassium ferricyanide may be used. 

The alkali ferricyanides are readily soluble in water. The others 
are mostly insoluble. 

AgNO.^ produces an orange-coloured precipitate of silver ferri- 
cyanide, AgjjFe^.Cyjo, insoluble in dilute nitric acid, but readily soluble 
in ammonium hydroxide and potassium cyanide. 

FeSOj^ gives a blue precipitate (Turnbull’s blue) of FegFe^Cy^,, 
ferrous ferricyanide, which is deco ui posed by potassium hydroxide 
into potassium ferrocyanide and ferroso-ferric hydrate or hydroxide: 

Fe^Fe^Cyis + SKHO - 2K,Fe0y, + Fe^^O^dOH,. 

Fe^Olg produces no precipitate, but gives a brownish coloration. 
The behaviour of potassium ferro- and ferri-cyanide with iron salts 
distinguishes between ferrous and ferric salts. 

HYDROCOBALTICYANIC ACID, H,00,Cy,,.— Solutions of co- 
baltous salts are precipitated by KCy. The precipitate consists of 
flesh-coloured or cinnamon -brown cobaltous cyanide, Cc^Cy^,. Excess 
of potassium cyanide rapidly dissolves the precipitate, forming a 
readily decomposable double cyanide, Oo(Cy)^(KON),j, which on boil- 
ing in the presence of HCy is converted into a difficultly decompos- 
able double cyanide, analogous to potassium ferricyanide, with 
evolution of hydrogen, thus : 

. 2Co(CN), + 8KCN + 2H,0 = K,Co 3 (CN)j, -h 2KKO + H,. 

This double cyanide is of interest, as its productioii affords one 
means of separating cobalt from nickel, both qualitatively and 
quantitatively. 

The free acid can be obtained from copper cobalticyanide by the 
action of SH^. It is soluble in water and alcohol, and is not decom- 
posed by boiling with water or even fuming nitric acid, and dissolves’ 
2 inc, with evplqtion of hydrogen. 
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CYANIC ACID, or Oarbimide, H ON 0 .— Obtained in the form of 
potassium cya»ate by the oxidation of KOy. This salt is very stable 
when heated by itself, but deliquesces in the air, and is broken up 
by water into an acid carbonate and ammonia, thus ; 

KOOy + 2 OH 3 - HKCO3 -f- NH3. 

Potassium cyanate is invariably found in commercial potassium ^ 
cyanide. 

Potassium cyanate can be obtained by the oxidation of potassium, 
ferrocyanide in several ways. A simple method is to melt eight 
parts of dry K 4 Fe( 0 N)g with three of K^COg, and when the mass is 
just melted stir in gradually fifteen parts red lead. The mass is 
kept in fusion and stirred, so that the reduced lead may sink, and 
the melted KONG then poured on a plate or tile. 

Reactions in Solution. 

The cyanates of the alkalies, alkaline earths, and a few metallic 
oxides are soluble in water, but decompose rapidly, with evolution 
of ammonia. The silver, lead, mercurous, and cupric cyanates are 
insoluble in water. 

Ammonium cyanate, NH^ONO, undergoes a molecular change 
into urea, by simply warming its solution. 

AgNOg produces with potassium cyanate a white precipitate of 
silver cyanate, AgOOy, soluble in ammonium hydroxide, and in dilute 
nitric acid ; AgOy is insoluble in nitric acid. 

Moderately concentrated sulphuric or hydrochloric acid decom- 
poses KOCy, with liberation of HOOy, which afiects the eyes most 
painfully, and is recognised by its pungent odour, resembling that 
of strong acetic acid ; a portion of the liberated acid is, however, 
decomposed at once by water into 00 ^ and an ammonium salt, 
thus : 2K0Cy + 2 H 3 SO 4 4 - 20H, = 200, - 1 - -h (NH,),SO„ and it 
is by testing for ammonia in the residue from the reaction that the 
presence of HCyO can be shown under certain conditions. Part of 
the acid polymerises into cyanuric acid. 

A number of cyanates of heavy metals decompose on heating into 
00, and cyanimide salts — e,g,, Oa( 01 SrO )2 = CaCNg + CO^. 

SULPHOCYANIC or THIOC^iTAiN^IC A.dD, HSOy, is obtained in 
combination with potassium by heating KCy with sulphur or a 
metallic sulphide. Hence the usefulness of potassium cyanide lor 
reducing metallic sulphides in blowpipe reactions. It also combines 
with sulphur when in solution. 

Allyl sulphocyanate is present in mustard seed ; the urine of a 
good many animals contains small but constant amounts of SON 
pompounds. 

QSj heated with alcoholic NH^ solution 

= OS, 4 - 4 NH 3 = CNSNH, 4 - (NHJ,S, 
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Owing to this method of formation it is found in the ammonia 
water from coal-gas manufacture. 

Sodium amide, NaNH,, is produced by the action of sodium on 
ammonia gas. This w^hen acted on by CS^, gives : 

NaNH, + OS, = NH,OSNaS, 
which breaks up into CNSNa and 11,8. 

, The free acid can be obtained in solution by decomposing Hg(SON)., 
with SH,. It is a colourless liquid which rapidly decomposes, some- 
times explosively. A solution in' water also decomposes rapidly unless 
very dilute. The dilute acid produces a red mark on paper which 
disappears on warming or after some time. 

Warmed with dilute H^SO^, a sulphocyanate gives off COS, 
carbon oxy sulphide, and an ammonia salt remains dissolved. Organic 
acids, as acetic, give an amide, or nitrile, and COS. 

KSON + 2CH3C0,H - K0,0CH3 + COS + CH 3 CONH,, 

Acetamide. " 

which again may give CH 3 CN 4 - H,0. 

Acetonitrile. 

Chlorine produces from water solutions of sulphocyanates a bright 
yellow precipitate of (SON),., pseudo-sulphocyanogen. AgCl is con- 
verted completely into AgSCN on contact with a soluble sulpho- 
cyanate, and is consequently the best precipitant for SCNH, and is 
used for quantitative, volumetric, purposes. 

Dry Reactions. 

KCyS can be fused out of contact with the air without under- 
going decomposition. It turns first brown, then green, and lastly 
indigo- blue, but becomes again colourless on cooling. In contact 
with the air, KCyS is converted into cyanate and sulphate, with 
disengagement of SO,. The sulphocyanates of the heavy metals are 
decomposed upon ignition, CS, being given oft* at first, and on raising 
the temperature a mixture of nitrogen and cyanogen is evolved, 
whilst a metallic sulphide is left : 

40u,S,Cy, - N, 4- 3C,N, -f 20S, +4CuS. 

Ammonium sulphocyanate, on heating in a closed vessel, gives 
some very complex resolution products. 

Reactions in Solution. 

A solution of ammonium sulphocyanate, NH^SCN, is used. 

AgN 03 produces a white curdy precipitate of silver sulphocyanate, 
AgOyS, insoluble in water and in dilute acids ; it is soluble in ammo- 
nium, hydroxide, from which it crystallises out on evaporation. If 
the ammonium hydroxide is considerably diluted, the SOyAg will not 
appreciably dissolve, and AgOl and AgCy may be identified in the 
presence of SOyAg by this means. It is also soluble in AmSCy or 
KSCy, forming a double sulphocyanate, SOyAg, SCyK, from which 
w^ater or hydrochloric acid precipitates silver sulphocyanate. 

20 
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OiiSO, gives a black crysfalline precipitate of cupricsulphocyanate, 
CuS„Oy„ which is converted into white cuprous sulphocjanate, 
Cu S Cv.„ by^the action of sulphurous acid. . , o 4.- 

Ve oi, produces an intensely red solution, owing to the formation 
of a soluble ferric sulphocyanate, Fe,(S0N),. Alkali sulphocyanates 
are most delicate reagents for ferric salts. This reaction serves also 
for the detection of sulphocyanogen and hydrocyanic acid. ihe 
blood-red colour is destroyed by HgCl,. On introducing some metallic 
zinc into the blood-red solution, SHj is evolved. 



QUALITATIVE ANALYSIS. -Tabulated Plan. 


GENERAL REMARKS. 

The student is recommended to most carefiillij read these 
general remarhs, for hy careful attention to the points men- 
tioned the analytical work will he greatly facilitated, 

A PRELIMINARY “dry"’ examination of the substance under analysis 
should never be omitted before proceeding to the examination for 
bases in solution. 

Apart from the deductions to be drawn from the external pro- 
perties of the substance, such as its colour, shape, gravity, odour, <fec., 
the detection of certain substances in a preliminary examination will 
frequently modify the course of analysis to be pursued in solution. 

For example, if organic matter has iDeen found by the dry exami- 
nation, the filtrate from Group II. should be evaporated to dryness, 
and the residue ignited sufficiently to destroy any such organic 
compounds as sugar, tartaric or citric acids^ which prevent the pre- 
cipitation of some of the metals in the third group. 

But this process of ignition if carried too far renders certain bases 
insoluble, e.g., Al^Og, Fe^Og, Or^Og, (fee., as well as silica. This would, 
entail a separate analysis of the residue so obtained. If, therefore, 
the preliminary examination has established the absence of organic 
matter, it is better not to ignite here. 

If double cyanides have been indicated, it is advisable to ascertain 
whether there are any present that would interfere with the analysis 
in the ordinary way. 

A reasonable economy in the amount of substance used for 
analysis should always be observed, and sufficient of the original 
solid or liquid kept to confirm or to correct doubtful results. 

The purity of the reagents used is a point that is too often 
neglected ; alumina is often entered in an analysis because the sodium 
hydroxide used may have contained it, or iron because fragments of 
rust from iron apparatus have fallen into the solution. It should also 
be remembered that ordinary filter-paper is not free from impurities, 
lime, magnesia, iron, <fec. ; accordingly, where any pretension is made 
to strict accuracy, paper that has been carefully washed with dilute 
hydrochloric and nitric acids should be employed. 
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The term addition in excess” is frequently misunderstood by 

beginners. ^ ^ • c i 

It shouUT be remembei'ed that after a sufficient quantity of the 
reagent has been added any further addition dilutes the solution, and 
may retard the reaction or commence a re-solution or other secondary 
reaction. 

With properly prepared “normal reagent solutions,” equal 
volumes should complete the reaction in any case, and more is an 
(‘xcess. Generally half as much again may be taken as a fair excess 
quantity above that actually needed. With normal solutions (see 
Appendix), say of HCl and ISlHg, 1 c.c. of each will just neutralise 
each other, and l-J c.c. of HCl would be an excess of the acid. 

When preparing a substance for analysis the smallest possible 
quantity of acid should he used to bring it into solution (of course, 
the solution must be left slightly acid in order to separate the second 
group). The presence of much strong acid necessitates a considerable 
dilution with water, evaporation of the greater part of the acid, or a 
partial neutralisation with ammonia, before the removal of the metals 
of the second group can be elfected. H^B, for example, completely 
fails 3fco precipitate Cd if much free acid is present. 

Even in working through the separate groups, unless care be 
exercised, the volume of the liquid becomes inconveniently large, 
and it is no uncommon occurrence to see beginners working with 
large beakers half full of liquid, whereas the largest vessel used in 
an ordinary qualitative analysis ought to be a test-tube or a two- 
ounce flask, or one of the largg test-tubes called boiling tubes. 

Evaporation between groups is sometimes advisable, and generally 
has to be carried out after Group TL, before proceeding to the 
examination for metals in Group III. When soluble silicates or 
organic matter is present evaporation must be carried to com- 
pletion. 

It is essential in making separations to test a little of each 
filtrate with more of the reagent which has given a precipitate, 
otherwise precipitation may be incomplete and cause grave trouble 
in subsequent operations. This is specially necessary with in 
Group -II. 

The thorough washing of precipitates in an analysis must be 
strictly attended to where indicated, particularly between the 
groups and subdivisions of the groups, or traces of one group may 
be retained in the precipitate of the preceding one, causing pi'e- 
cipitates to appear in the wrong place, or leading to the appearance 
of small quantities of other substances when such are not actiially 
present. This must be attended to ; many errors arise from neglect 
of sufficient washing. 

Economy in time may be attained by judicious arrangement of 
an analysis, as many of the operations can be carried on simul- 
taneously. 

Care must be taken to label the tube or vessel the contents of 
^ which are not to be proceeded with at once. 

The student must use his discretion as to the quantity of the sub- 
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stance or liquid to be taken for the examination of bases in solution, 
and for this no general rule can be laid down ; in substances 
where comparatively small quantities of one base are expected to 
be present with large quantities of another, more of the original 
substance must be taken ; or where the supply at the disposal of the 
student is large, the trace may be sought for in a separate and larger 
portion of the original substance, after removal of the bases already 
detected by the appropriate group agents. 

Heavy precipitates entail much washing, an operation which is 
tedious, but quite indispensable. 

Lastly, it is almost unnecessary to remark that strict cleanliness 
must be observed in all apparatus used for analysis, as there is 
nothing more annoying than to remember at the end of an analysis, 
otherwise carefully conducted, in which unexpected results have been 
obtained, that these may have been due to carelessness in this 
matter. 

All reagent bottles must be replaced immediately after using, 
and as little loose apparatus permitted on the working bench as 
possible. 

All results, whether positive or negative, must be entered in the 
note-book as obtained, and before passing to the next experiment. 

At the end of the exercise the results should always be discussed 
and the special reactions and tests looked up before making a final 
report. 
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ELIMINARY EXAMINATION OP SOLIDS IN THE DRY W KY— continued. 


Obsekvations. 

> 


(6) Coloitred sublimate. 

The sublimate is black, and turns red 
on rubbing in the tube or on a 
paper 

The sublimate is yellow 


Turns pink on rubbing 
It consists of reddish brown drops, 
yellow when cold 

Violet vapour, feathery bluish black 
crystals ,..••• 
Yellowish and red sublimate, pale 
green flame at mouth of tube 

The substance fuses ^ am A gires off J 
watcT of hydvatiou (sometimes * 
without fusion), or waterof crystal- ‘ 
lisation^ becoming liquid at a low 
heat, it fuses in its water of 
crystallisation, it then solidifies 
and fuses again when heated more | 
’ strongly (igneous fusion), and | 
swells up or intumesces con- I 
siderably . 

{a) Condensed water alkaline to'>| 
litmus . . . • • - I 


Inference. 


CONPIEMATORY TESTS, &C. 


HgS 


Hgla ... ... 

AS^Sg ... .... 

Free sulphur .... 

Iodine. 

Phosphorus. 

Metallic hydroxides and salts con- 
taining water of crystallisation, 
e.g,t phosphates, borates, alums, and 
some others. 


Heated in open ended tube in air 
SO2 gas given off and metallic 
globules on cool part of tube. 

Moistened with HCl and placed on 
gold coin metal whitened — Hg. 

Heated open tube odour of 
arsenic acid and SO^ 

Sulphides decomposed on ignition 
blackens silver coin on contact. 


Ammonium compounds. 
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(b) Condensed water acid to litmus .^1 


*^m The substance gives off a gas or 
vapour 

{a) The vapour is colourless and 
odourless. 

Oxygen is given off, causing a glim- 
mering splinter of wood to burst 
into flame 


CO2 i* given off, which is a non-sup- 
porter of combustion, and turns 
lime-water or baryta-water milky 

Kitrogen, a non-supporter of combus- 
tion ; not affecting lime-water 


ON2, supporting combustion 

{b) The vaijour is colourless^ and has 
characteristic odour 
80*2 is given off, recognised by its 
suffocating odour and its acid 
reaction with litmus paper and 
bleaching of potassium permanga- 
nate or bichromate stain on paper 


SHg. recognised by its odour and ac- 
tion on lead acetate paper 


Free volatile acids, such as HNOg, 
HCl, H2SO4, HgSOg, &c., or acid 
. salts, organic acids. 


Metallic peroxides, chlorates, per- 
chlorates, nitrates, bromates, io- 
dates. 


From the decomposition of carbo- 
nates (alkali carbonates ex- 
cepted) ; also from the decomposi- 
tion of oxalates, &c. 

NH4]Sr02, or some fixed nitrite in 
the presence of ammonium salts 
{HH4CI, &c.), dichromates and am- 
nfbnium salts. 

NH4NO3, or some fixed nitrate in the 
presence of ammonium salts. 


Acid sulphites ; also from the decom- 
. position of sulphates, with or with- 
out evolution of oxygen, of earthy 
sulphites, or thiosulphates ; from 
the action of organic matter upon 
sulphates, and from the oxidation 
of metallic sulphides and sulpho- 
cyanates. 

Hydrated sulphides, moist sulphites, 
and hyposulphites. 




jTote . — Oxygen may be mixed with 
other gases, e.g..^ SOg, N, N.2O4, S 
Cl, Br, I, from the decompo- ^ 
sition of certain sulphates, of ^ 
nitrates, nitrites, chlorates, by- 
pochlorites, bromates, iodates. kJ 
(NH4)2Cr04 or (NH4)2Gr20^ 
burn in a peculiar manner on S 
gently heating, N gas and steam ^ 
being given off. g 
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EXAMINATION OF UNKNOWN SUBSTANCE. Sig 


EXAMINATION OF AN UNKNOWN SUBSTANCE, 

Isfc. The substance under examination may he a liquid. — Examine 
it by means of well-pi’epared test-papers. The liquid may be 
neutral. — This excludes a large number of substances, since the 
gre'ater proportion of normal salts of the metals possess an acid 
reaction. The liquid gives an acid reaction. — This may arise from 
a free acid, or from the presence of a normal salt having an acid 
reaction, or from an acid salt. 

The solution possesses an alkaline reaction — showing the pre- 
sence of a salt of alkaline reaction, of free alkalies, or alkaline 
earths, and of cyanides or sulphides of the alkalies or alkaline earthy 
metals. 

Evaporate a portion of the liquid to dryness, on a watch-glass, or 
platinum foil, and test the vapours evolved with blue and red litmus 
papers, and also by cautiously smelling them. 

If no residue is left, and the vapours have no action on litmus 
and no odour, the liquid consisted of pure water. Many organic 
liquids would also evaporate without effect on litmus, but would 
have a characteristic odour, and frequently are inflammable (alcohol, 
acetone, &c.). 

Acid va20ours are evolved — showing the presence of some volatile 
acid. 

Alkaline vaq^ours are evolved. — These will most probably have the 
characteristic odour of NHg, arising from either a solution of the 
gas itself or possibly the decomposition of certain of its salts, such 
as the sesqui-carbonate, or from amines, such as anilin, &c. 

A residue is left. — This will generally consist of salts originally 
present in solution. Certain salts of organic acids will char, fre- 
quently leaving a residue whicji effervesces with a drop of acid, 
indicating organic acids in combination with the metals Ba, Sr, 
Oa, Mg, K, or Na). A sufficient’ quantity of the ^residue for ex- 
amination by the preceding dry tests should be obtained by evapo- 
ration. 

2 nd. The substance under examination may be a solid. — If it occur 
in large pieces, or in the form of a coarse powder, it should first be 
reduced by mechanical means to as fine a powder as possible. 

Natural silicates and compounds which are decomposed with 
'difficulty by acids are finely powdered in an agate mortar and, if 
necessary, sifted. The coarse particles must then be ground again 
till the whole of the substance is obtained in an equally fine state of 
division . 

Ascertain whether the solid substance is wholly or in part soluble 
in water. This is done by boiling about a gram of it in distilled 
water, allowing the undissolved portion to subside, and evaporating 
a few drops of the quite clear water to dryness on a watch-glass. ' 



S20 


A COURSE OF PRACTICAL CHEMISTRY. 


The residue insoluble in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. 

If the substance is not completely dissolved by these means, it is 
best to take a fresh quantity in a test-tube, pour over it two or three 
cubic centimetres of concentrated hydrochloric acid, and then to boil 
until half the acid has evaporated away. Water is added, the con- 
tents of the tube are warmed, and if a residue remains it may be 
treated again in the same way. What fails to dissolve by this method 
should be regarded as insoluble unless the residue is known by its 
appearance, or by the preliminaiy examination, to contain something 
that would dissolve in aqua regia, HOI + HNO^. In this case, treat 
the residue with aqua regia, boil off the acids, and add the solution 
to the hydrochloric solution. Nitric acid or aqua regia should never 
be used unless it is certainly known that they will be advantageous 
— with metals. 

The residue insoluble in water and acids should be carefully 
washed with distilled water, dried, and then mixed with four times 
its weight of dry and K^COs (fusion mixture) and fused. 

The fusion is best performed in a platinum vessel, provided the 
insoluble residue contains no metals capable of forming alloys witli 
platinum. This can be readily ascertained by an examination of a 
portion of the residue in the dry way. 

It should be borne in mind that only barium and strontium 
sulphates; silver chloride ; SiO^,, and many silicates ; native or ignited 
AlgOg and aluminates ; ignited and Pe^O^ ; chrome iron ore ; 

(ignited or as tinstone) ; igzjtited Sb^O^ (a few metapliosphates 
and arsenates) ; OaP,^, and a few other native fluorides ; sulphur and 
carbon, as charcoal or graphites, can be present in the insoluble 
residue. 

Silver cpmjpounds in general are changed into AgCl hy boiling 
with aqua regia, and AgCi can be easily removed from an insoluble 
, residue by means of ammonium hydroxide. 

The examination of a residue requiring fusion with alkali 
carbonates is invariably conducted separately. The fused mass is 
boiled with water and filtered ; the part insoluble in water, con- 
taining the barse in the form of a carbonate (oxide or metal), is 
dissolved in HCl. The aqueous extract is examined for such acids 
as would form insoluble compounds with the bases found, an well as 
for silica. 

Alloys should be got into suitable form for solution either hy 
rolling down into foil, drilling, or filing. Some alloys are so brittle 
that they may be readily powdered. Treat a small portion with a 
mixture of one part strong nitric acid and one part of water, Hhould" 
the whole dissolve, Sn and Sb are absent, also Au and Ft. 

If a white residue, indicating Sn and Sb, is obtained, the alloy 
should then be treated with 3 to 1 HCl. Sb is almost completely 
insoluble m such acid, whilst Sn easily dissolves. If the residue 
from nitric acid is dark, it may consist merely of small particles of 
carbon (from the preparation of the alloy), or of finely divided Au 
'^> 1 ' Jr't, both ot which may be dissolved in aqua regia, HCl -b HNO,. 
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Alloys are best dissolved in a small flask, having a small funnel 
placed in the neck. XJsually a considerable excess of acid has to be 
employed, and this nmst^ after solution of the metals he removed hy 
evaporation. 

Cyanogen compounds are treated of after the tables for the 
separation of the metals. 

’ As they can all be decomposed by heating to redness in an open 
' dish, the metals previously in combination can be sought for in this 
dgnited residue. 


N.B. 

EEFEE TO THESE “NOTES” TO GENERAL TABLE. 

{See reference mimhers in Table.) 

1 . If chromium has been indicated in the preliminary examination, 
and the solution or substance has a yellow or orange colour, make a 
fresh solution by boiling with a little concentrated HCl and diluting, 
whether the substance is soluble in water alone or not. 

2. If cyanogen has been detected in the preliminary examination, 
it is advisable to test a portion of the original substance for double 
cyanides before proceeding in the usual way. 

d. If iodine or bromine is present, the solution or substance 
should be boiled with aqua regia unSl it is eliminated before passing 
on to Group II, 

4. If the original substance had to be dissolved in HOI, SH^ may 
be passed at once. 

5. In a saturated solution of a barium or sodium salt HCl pro- 

duces a white precipitate, which may redissolve in hot water. Such 
precipitates, however, are never produced in a properly prepared 
solution. From an alkaline solution HCl may precipitate Si(IIO )4 
(gelatinous), benzoic and uric acids (crystalline), also Sb^O^ (amor- 
phous). Metallic oxides, such as Al,% and metallic sulphides, such 
as As,k,, Sb,H, Sb,S 3 , SmS, and SnS„ which dissolve in alkali or 
ammonium hydroxides, or ammonium sulphide, may likewise be pre- 
cipitated on the addition of HCl to a solution that is alkaline, and 
are best examined separately. ^ ^ 

(). Oxychloi'ides of Bi, Sb, or Sn may be precipitated on the first 
addition of dilute ITCl or water, but are readily redissolved on the 
addition of more acid and gently heating, or the precipitiite may be 
disregarded if the metals of Group I. are absent, since feHj^ leadily 
coru'erts the finely divided oxychlorides into the corresponding 

' metallic sulphides. _ . . 

7. If arsenic has been detected in the preliminary examination, 
this filtrate, which may contain pentad arsenic, should be boiled with 
a solution of sulphurous acid, and the acid solution evaporated con- 
siderably to expel the BOg. Ba, Sr, Pb, when present, may be % 
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precipitated either partly or wholly as sulphates, and in this case 
reduction by boiling with alcohol and HOI should be resorted to. ^ 

8. >SH, oflien produces merely a precipitation of sulphur, owing 
to the presence of oxidising agents such as 01, Br, I, HNO^, 

HHO3, HOIO, HOIO3, iJaOiOj, or ferric salts. This precipitate is 
easily distinguished by its being white and remaining suspended in 
the solution. It may be filtered ofi:‘ and neglected. A brick-red 
precipitate of Pb^SOl^ often comes down from strongly acid solutions 
if they have not been sulficiently diluted with water. Cadmium is 
very often left in solution if loo much acid is present. 

1). SIT, should be passed once more tlyough the filtrate to make' 
sure of the complete precipitation of all the metals of Group II., and 
it is advisable to dilute a few drops with four or jiTC times their volume 
of ivater mid again pass SIf, If this further dilution enables 
to give more precipitate, the whole solution must be so treated. 

10. It is possible that this SiO^ may be mixed with other sub- 
stances, e.g,^ Ee^Og (rendered insoluble by strong 

ignition), BaSO^, SrSO^, in which case it is necessary to examine it 
separately. 

11. If iron is present, the NH^HO precipitate should be of a 
good reddish brown colour, but when manganese is present some 
quantity, in the form of hydrated oxide, accompanies the iron, when 
the jDrecipitate is distinctly hrovmish red. It is because of the lia- 
bility of Mn to accompany the Fe3(B[0)Qthat the instruction is given 
to filter quickly. Should Mn have been indicated in the prelimi- 
nary examination and the pr|eipitate also show indications of its 
presence, it should be redissolved in HOI, quickly reprecipitated by 
ammonia, and rapidly filtered, repeating this again if still brownish 
red. Most (though not all) of the manganese will be found in the 
filtrate, which should be mixed with the preceding filtrates. 

• 12. Small quantities of borates and fluorides of the alkaline earthy 
metals may likewise be precipitated, but need not be examined 
further, since their bases will be detected in Group lY., and their 
acids on examining in the usual way for acids. 

13. If ammonia is present in excess (as is usually the case), or 
yellow ammonium sulphide is“ employed, the filtrate will most likely 
be dark-coloured if M is present {see p. 143), This is an excellent 
indication of the presence of Ni The dissolved NiSmay be removed 
by boiling down the filtrate in a dish before proceeding further. 

14. The solution must not be boiled, since the NITjOl by double 
decomposition dissolves the alkaline earthy carbonates, forming 
chlorides of these metals and ammonium carbonate, which volatilises 
with the aqueous vapour. 
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Table I.— SEPAKATION OF THE METAL 

Attend most carefvlly to t 


Precipitate may contain PbG)„ AgCl, Hg.Cl., (Note 1, General Table)^ 


The SOLUTION may contain FbOL. 

On cooling white acicular crystals^ fall out. 
Confirm by adding solution of KoCr04. A 
yellow precipitate indicates 

Presence ob’ Pb. 


The white RESIDUE may consist 0/ AgCl 


The SOLUTION may contain AgCl ; acidulate 
withHNO,. . ^ - 

A white curdy precipitate indicates 

Presence of Ag. 


Table IT.-SEPARATION OF THE METALS 0 


The precipitate may contain HgS, PbJ. Cu^ Cd^ 


Residue.— Wash well andiwarm for some minutes with HNO3, diluted with Us own volume ol 
water, until all action ceases. Dilute and filter. 


Besidue consists 
of HgS and S or 
of S only (F.N.2). 
To confirm, dis- 
solve the black 
residnein a little 
aqua regia, boil 
off free chlorine, 
neutralise with 
NaHO, acidify 
with HCl, 
introduce a strip 
of bright metal- 
lic copper into 
the solution. It 
becomes white 
or silvered. 
t 

Indicates Pre- 
sence of Hg. 


SoLUTioN-Add dilute H..SO4 as Iwg as a precipitate is produced 
cool, add an equal built of alcohol fF.N. 3) ; filter. 


Precipitate 

Solution. — Boil off the alcohol, 

add excess 0: 

consists of 

HH4OH ; boil and filter. 


PbSOj. Boil 




with am- 

— 



m 0 n i u m 

The Precipitate 

The solution, divide into two parts 

ace ta t e . 

consists of 


* 

and add 

Bi(HO)3. Bis- 



K .. 0 r 0 4 . 

solve, off the 

1. 

2 . 

Blue colour in^’ 

rjYellow pre- 

paper, in a feir 

If blue, add KCy 

cipitate 

drops of dilute 

till colourless 

cates On. Ad 


HCl and pbf^r 

and pass SH.>. 

acetic acid ti 

CONB'IRMS 

the solution drOp 

A yellow pre- 

acid, and the 

Pb. 

by drop into 250 
or 300 c.c. water. 

cipitate of Cd IS 

K4FeCy,, . 
reddish brow 


A white precipi- 

1 N DI CAT B:S 

j jireoipitate ( 


tate of BiOCl in- 

Presence 

1 CuoFeCyfi 


dicates 

OF 

# 


Presence of Bi. 

Cd. 

i Indicates Pr] 

I SENCE OF Cl 


P.N. 1.— CuS is somewhat soluble in (NH4).3S and HgS in SNa..,. It is therefore advisable 
If both CuS and HgS are present dissolve in (NH4)2S, when a little (hiS will be lound 
i:’ jSf. 2. — A little PbS may become oxidised and appear with the HgS as PbSQ4. It may 
; a.—Do not add the H2SO4 and aejlohol unless they are shown to be necessary by givm 

f ' ^Id by the Excise authorities gives a precipitate when mixed with water, A n 

^ If much Sb be present-it tnay flake off the Ft, but a small number of black float 
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|OF GROUP I. (Precipitated by HCl.) 
]^Footnotes and directions. 


j— ^ ^ 

Wash precipitate on filter with hot water till quite free from PbClo. 

Hg20l2; heat gently with excess of dilute NH4OH. 

Caution. — Unless HCl be added in ex- 
cess, and the solution gently heated. 

The EESipuE ts black, consisting of NI^HgCl. Dis- 
solve in a little aqua regia, nearly neutralise, test 
the solution with a strip of bright metallic copper. 
Copper becomes covered with a grey deposit, which 
becomes silvery when rubbed. Indicates 
Pkesenoe of Hg. 

oxychlorides of Bi, Sb, as well as Sn 
(likewise 1148104, indicated by the 
formation of a jelly or gelatinous 
precipitate) and a few other sub- 
stances, may become precipitated in 
this group. 


GROUP 11. (Precipitated by in an acid solution,) 


and Pt naust be tested for specially in a separate portion of the filtrate from Group I.) Wash 
or ammonium sulphide, or sodium sulphide,. and filter (F.N. 1). 


Solution may contain As, Sb, Sn (Au and Pt) as snlpho salts. Acidulate with dilute HCh 
AsgS;}, Sb2Sg, and SnSg are reprecipitated. Filter and wash ; boil with a little concentrated 
HOI until SHo ceases to be evolved, add equal bulk HoO and hlLer. 


Eksiduu conrains the As.^Sjj 
or only sulphur, 

Ojnfirm As by heating the 
dried residue with KOy and 
Na^CO;. in a bulb tube. But 
if (NH^loS has been used, so 
that there is much sulphur 
in this re>idue, the As.2®3 
may be dissolved in a lit, tie 
aqua regia and Reinsoh’s 
test applied ; that is warmed 
with clean metallic copper in 
a test-tube. A grey coating 
indicates As. This coated 
Cu when heated in a dry 
test-tube should give a 
white crystalline sublimate 
of AsoOj). 


dissolve the precipitatein the absence of CuS with and in the absence of HgS with SNa^ 

the solution. 

removed — but this is seldom necessary, by warming the precipitate with ammonium acetate, 
precipitate with a few drops of the solution. The “mineralised ” spirit now required to be 
mineralised methylated spirit or rectified spirits should therefore be employed, 
particles may arise from the zinc employed containing (Pb), compounds of carbon with iron, &c.) 


Solution. — Pour into a porcelain dish and puti^ into it a 
piece of platinum foil with a strip of zinc in contact 
v^th it. 

(a) A black stain on Pt indicates Sb. 

(h) A spongy deposit on Zn indicates Sn. 

Boil the remaining Zn with its adherent Sn, and aUo any 
floating particles (F.N. 4 ), with HCl diluted with its own 
volume of water. Sb will at most only partly dissolve, 
whilst all Sn will go into solution, and may be confirmed by 
adding HgCl^. 
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TABLE IIIa.—SEPARATION OF THE METALS OF 
CROUP HIa. PRECIPITATED BY NHpil. 

(l7i the absence of Phosphates,) 


The Precipitate consists of Fe2(HO)Q, Cr2(HO)^j, and Al.>(HO)g,''= precipitated 
by NH4OH in the presence of NH^Cl. Wash with hot water. Dissolve in 
dilute HCl, add a solution of NaHO in excess, and boll for some time 
Filter off. 


Residue insoluble. — Dry and fuse with fusion 
mixture and nitre on platinum foil; Boil in 
water, and filter. 


Residue. — Dissolve in 
dilute HCl, and add 
K^FeCyg. 

A precipitate of Prus- 
sian blue indicates 

Presence op Fe. 

Test the original HCl 
solution specially for 
ferrous and ferric 
iron by means of 
K^FeCye, KeFe^Cyi^. 
or NH4SCN. 


Solution yellow. Con- 
firm by adding acetic I 
acid and lead acetate. , 
Yellow precipitate of j 
PbCrO^. I 

Presence op Cr. 

Note. — Traces of man- 
ganese — owing to imper- 
fect separation of Mn 
from Fe by precipitation 
with NH46H and NH4CI 
— are indicated by the 
bluish green colour of the 
fused mass arising from 
the formation of an alkali 
manganate.^^ 


Solution. — Add just 
sufficient litmus solu- 
tion to distinctly colour 
thesolution, then acidu- 
late with dilute HCl, 
and add NH4OH in 
slight excess, or solid 
NH4CI may be added, 
and the solution boiled. 
A gelatinous precipitate, 
coloured blue by the 
litmus, the solution it- 
self being rendered al- 
most colourless, con- 
firms Al. 

Presence op ai. 

Note. — If no sodium hy- 
droxide free from alumina 
can be obtained, it should 
be made by dissolving a 
little sodium in alcohol, 
adding water, and eva- 
porating in a silver or 
platinum dish until the 
alcohol has evaporated. 
Failing silver or platinum 
a nickel dish is quite safe. 


See also Note 11 , General Table. 
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TABLE IIIb.— SEPAEATION OF THE METALS 
OF GROUP IIlB. 

{In the absence of Phosphates.) Precipitated by (NH.LS 
01^ NH,OH and Sh/ 

One of either of the two following methods may be employed for this 
separation, both of which are based on the same chemical reactions. Method 
I. is generally simpler than the second. 


METHOD L 

The Peeoipitate may consist of ZnS, MnS, NiS, CoS (F.N. 1). Wash with 
water containing a little H 2 S, and then quickly pour over the precipitate 
HCl diluted with ten times** its bulk of water. 


The Solution contains the Zn and Mn 
as chlorides. Boil in a dish HU free 
from HoS, add excess NaliO, boil well, 
and filter ( F.N. 2).. 


The Solution may 
contain the Zn as 
-Zn(0Na)2. Pass 
HoS. White pre^ 
cipitate confirms 
Zn. 

The filter containing 
the ZnS may be 
incinerated, and 
the ash heated 
on charcoal and 
moistened with 
Co(NO.j) 2 . Green 
mass confirms 
Zn. 


The Residue 
turns dark on 
the paper, indi- 
cating Mn. Con- 
firm by burning 
the paper com- 
pletely on Ft foil 
and examining 
the residue by : 
(r/.) Borax bead ; « 
\h) Fusion on Pt 
foil. 


Residue (F.N. 3). — Dissolve in 
HOI and KCIO. ; thoroughly ex- 
pel SHo ; nearly neutralise with 
solid NaoCOo ; add a solution of 
KCy, so as just to redissolve the 
precipitate first produced. Boil 
briskly for a few minutes, allow 
to cool (filter off any slight pre- 
cipitate), and add an equal bulk 
or more of a strong solution of 
NaOOl (F.N. 4) ; warm gently as 
long as a black precipitate forms, 
and filter. 


1 

PR EG I PIT AT E 
consists of 
Ni.3(H0)„. Fil- 
ter off and con- 
firm by heating 
a small portion 
of it on a borax 
bead before the 
blowpipe flame. 

A yellowish to 
sherry-red bead 
indicates 

Presence of Ni 

I (F.N. 5). 


The Solution 
contains the co- 
balt as K^jCog- 
Cji^. Evapor- 
ate a small part 
to dryness and 
test the resi- 
due before the 
blowpipe flame 
on a borax 
bead. 

A blue bead in 
both flames in- 
dicates 

Presence of Co 
(P\N. 5). 
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TABLE Illli. METHOD II. 

The Pbecipitatej may consist of ZnS, MnS, NiS, CoS (F.N. 1). Wash off the 
filter and dissolve the precipitate in dilute HCl, with the addition of a 
small crystal or two of K&lOg if the precipitate is black.^ Boil, add NaliO 
in excess, boil, and filter after allowing to cool a short time (B.N. 2). 


The Solution may 
contain Zn, as 
Zn(NaO)o. Add 
SHg. White pre- 
cipitate of ZnS 
indicates 

The Insoluble Residue may contain Hn(HO)o, Co(HO)o, 
and Ni{HO)o. Wash, dissolve in a little HOI ; nearly 
neutralise with NH4OH ; add excess of ammonium 
acetate ; pass a rapid current of SH.j for several 
minutes through the solution and filter. The solution 
should be acid with acetic acid. 

! 

Presence of Zn 
(F.N, 5). 

The Solution contains the 
manganese as acetate. 

AddNH4Cl, NH4OH and SH,. 
or ammonium sulphide 
direct to the solution. 

Flesh-coloured precipitate of 
MnS indicates 

! 

: Residue. — Must be exa- 
mined for Xi and Co as 
in Method I. 


Presence op Mn (IT.N. 5). 



F.N. 1. — Unless this precipitate is black, Ni and Co need not be looked 
for. Tests by fusion on Pt foil with fusion mixture, and also on charcoal, 
moistening with Co(NO.})o, may in this case be at once applied to a little of 
the precipitate, in order to identify Mb and Zn. 

B\N. 2. — Boiling alkaline solutions are liable to disintegrate the paper of 
the filter, 

F N. 3, — The residue may be advantageously examined on a borax bead. 
If the bead shows no trace of blue, Go need not be examined for, since mere 
traces of this metal strongly colour borax, and even in very small quantities 
will completely mask the nickel coloration. 

IT.N. 4. — Strong bromine water with NaOH may be used instead of NaOCl 
A bleaching powder solution may also be used. Also chlorine water. 

B'.N. 5. — The precipitates should be saved for final confirmatory tests. 
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A COURSE OF practical CHEMISTRY. 


Table IV.— SEPARATION OF THE METALS OF . 
GROUP IV. 

r 

(Precipitated as carbonates by (NH4).2CO.j. ) 


The Precipitate consists of Ba, Sr, Ca, as carbonates. Wash (P.N. 1 ), dissolve 
in hot dilute acetic acid, add K2Cr04 (F.N. 2), warm, and filter. 


To the SoLiTTiojsr add (NH4)2S04, or dilute H0SO4, 
and warm the solution for five or six minutes by 
standing the test-tube in a beaker of boiling 
water. 


A yellow Pbecipitate 
indicates Ba. It is 
Ba0r04. Wash and 
dissolve it in dilute 
HOI and add H2SO4 ; 
a white precipitate of 
BaS04 confirms 

Peesence of Ba. 


A fine granular Pkecipi- 
TATE (P.N. 3 ), which 
gradually increases, of 
SrS04. Confirm by 
heating on a plati- 
num wir#with HCl. A 
crimson flame, which 
rapidly fades 

= Peesence op Sr. 


To the Solution add an 
oxalate or oxalic acid 
and ammonia. A white 
precipitate of CaCo04 
(FN. 4 ). Heated on Pt 
wire, a red flame, per- 
sistent for some time, 
indicates 

Peesence op Ca. 


P.N. 1 . — A little of the washed precipitate may be dissolved in a drop or 
two of HCl and the flame tested. It is frequently possible to identify Ba and 
either Sr or Oa when present together. This can be done with certainty by 
aid of the spectroscope {see plate, Spectral lines, frontispiece). 

P.N. 2. — It is best to try a portion only of the solution with K2Cr04, since 
if no Ba is pi^sent the whole of the solution need not be coloured by the 
chromate, 

P.N. 3 . — ^If much calcium is present, acopioas crystalline precipitate may 
come down here. Such a precipitate, after waiting a few minutes, is filtered 
off and warmed with a concentrated solution of (NH4)2S04 and NH4OH ; the 
solution so obtained is tested for Ca with ammonium oxalate, and the 
insoluble part is tested for Sr. 

P.N. 4 . — If a perceptible amount of Sr has been allowed to remain in the 
solution it will be precipitated here. It is well to test only a part of the 
solution for Ca, and if a small precipitate is produced, which it is supposed 
may be due to Sr, to allow the remainder to stand for a longer time, that the 
SrS04 may separate more completely. 
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[■able V.— separation OF THE METALS OF GROUP V, 


(Containedin filtrate from (NH4).2003.) 


The Solution may contain Mg. K, Na. Divide it into two parts (-J and #). 

Smaller Part, 

Larger Part. 

.ddHNa2p04, shake, and 
allow to stand a few 
minutes. A white pre- 
cipitate, which may be 
slow in coming, and if 
slow will be crystalline 
and adhere to the sides 
of the tube, especially 
if it be stirred with a 
glass rod, indicates 

j3vapoi*ate to dryness in a porcelain or platinum 
dish, and ignite until no more fumes of am- 
monium salts are evolved. Test the residue on 
a platinum wire in the flame. If the flame be- 
comes himiiiovd}/ yellow 

Presence of Na is indicated. 

The flame is coloured violet — 

Presence of K and Absence op Na. 

Presence op Mg. 

Look at the flame through blue glass. In any 
case, dissolve the residue in H2O with one drop 
of strong HCl, add "hn^^ct 1 c.c. PtC]4, and 
evaporate carefully just to dryness. Add alcohol 
and a little water (f'.N, 1 ). Bright yellow crys- 
talline residue. It is heavy and sinks readily. 


= Presence op K. 


F.N. 1 .— If the residue is whitish yell'ow and not heavy, 
31, dilute. This is likely t® sulphates 

Bsent in the original substance. 


a<^d more water or 
or phosphates are 
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It is well for the student to have a known mixture given for 
examination containing a few metals, and to be required to separate 
and confirm not* only by these plans, but to be required to construct 
modified plans of analysis based on the reactions of the metals given 
in Chaps. IX to XIII. 

It will have been noted that no place has been found in the 
separation tables for some of the non-metallic substances, as carbon, 
sulphur, phosphorus, &c. These substances are easily found in the 
preliminary dry examination. 


EXAMINATION FOR ACIDS. • CAUTIONS. 

Before proceeding to the examination for acids, the student will 
do well to consider carefully which acids can possibly be combined 
with the bases present. A perusal of the table of Solubility of 
Salts, given in the Appemdix, will materially aid him, and will 
probably save much labour and time. Some acids are detected on 
examining for bases — viz., AsU-j, As^O^, SiO^ and H.jPO,^ in com- 
bination with metals of Croups III. and IV.; I£.,Cr‘Oj, 00 ^, SHj,, 
H2SO3, UlHO, HNO.„ the six lastly mentioned acids on 

dissolving the substance in dilute HGl, or on adding HCl in 
Group I. The student should be on the look-out for them. 

A careful preliminary examination for acids will probably lead to 
the detection of a further number of acids, e.y., of HI, HJO.j, IIBr, 
HBrO^, and HCIO3, HNO3, HCl, ClHO, HF, HCy, H^FeCy^, 

HgFe/'Jyj2, CyOH, and CyBH, acqjic, oxalic, and other organic acicKs 
may likewise be indicated. When more than one of these acids 
is present, the detection is somewhat more difiicult, and the results 
obtained by a preliminary examination for acids require to be care- 
fully confirmed by the examination of the solution. 

Thus, a chloride in the presence of a nitrate, when treated with 
concentrated evolves chlorine and red fumes of lower oxides 

of nitrogen, and possibly nitrosyl chloride ; in the presence of a 
chromate brownish red fumes of CrO^CI.. 

When the preliminary examination gives no distinct indication 
of the presence? of any of the acids just mentioned, B(HO).j, 

H3PO.J, SiO^ must be looked for specially. A fluoride with an excess 
of a borate does not etch glass. The student must bear in mind that 
acids cannot be detected in quite the same systematic order as bases, 
and that he ought therefore never to be satisfied till he lias confirmed 
the presence of acids by the most characteristic special tests. 

At the same time there is a natural or logical order of })rocediire. 
in the case of acids, and the student is strongly urged to study and 
construct plans of separation and detection of mixed acids. It will 
be found an extremely valuable exercise. 

Remember that in this preliminary examination table the in- 
ferences are, in most cases, ^Hndicate ” only, not absolute proofs. 

Other tests should be applied, and if the student has done some 
of«the experiments under the headings of each of these acids, tfec., 
^confirmatory tests will immediately suggest themselves. 
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Oxygen is given off, and the yellow 
chromate is changed into green 
chromic sulphate .... H 2 Cr 04 . 

Chlorine peroxide, a greenish yellow, 

highly explosive gas, is given off . HC10.j. 
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A COURSE OF PRACTICAL CHEMISTRY, 
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EXAMINATION OF SOLUTION FOR ACIDS. 

Before proceeding to this part of the systematic analysis, it is 
imperative that the stuclent shall carefully consider what acids it 
is necessary to look for. Some have, perhaps, been indicated as 
probably present, and there may be other acids that cannot have 
revealed themselves because of the presence of some interfering 
constituent. For instance, liOl cannot show in the preliminary 
examination if HBr is present, because the latter acid gives all the 
indications that HOI can give. Again, tjiere are a few acids, like’ 
HgSO^, that give no, or few, preliminary indications of their presence ; 
they must, therefore, always be looked for if it is possible for them 
to be present. 

Having made a list of the acids that are to be searched for, the 
next matter for consideration is the method of pursuing the search, 
particularly the preparation of a suitable solution for each test. The 
practice of always preparing the solutions by first boiling with sodium 
carbonate is not to be recommended. 

If the bases present do not interfere, each solution should be 
prepared by adding the required acid to the aqueous solution, or to 
the solid substance itself, filtering if necessary. No bases interfere 
in looking for H^SO^or HOI in a solution. 

If bases have to be got rid of (as, for instance, Pb in preparing 
a solution to test for H^CrO^, Oa in a solution for oxalic acid), 
the solid substance is boiled ^ith a slight excess of Nir.CO.j solu- 
tion, the precipitate is filtered off, and those solutions that may 
happen to be required are prepared in the following way from the 
filtrate : 

• 1 . Dilute HOI is added to a portion of it, as long as OOy is 
evolved, and till the solution is rendered distinctly acid. 

2. Another portion of the alkaline filtrate is rendei*ed acid by 
means of dilute HNO 3 and boiling. 

8 . A third portion is rendered acid by means of dilute acetic 
acid. 

4. A fourth portion is carefully neutraJised by first adding dilute 
HNO 3 , drop by drop, and boiling as long as 00 ^ or other volatile acid 
is evolved, and till the solution is distinctly acid tp test paper; then 
by adding a few drops of very dilute ammonium hydroxide till the solu- 
tion gives a neuti-cil reaction with blue and red litmus papers. Tlie 
st7'ictest attention must he 2}aid to these dh'eciions^ and the least possible 
excess of either acid or alkali should be employed, since tiie precipi- 
tation of several acids is prevented by the formation of a.n a.mmonium 
salt in anything like large quantities, on account of the formation of 
a soluble double salt, e.y., ammonium calcium tartrate, ammonium 
calcium citrate, &c. 

- * If a metal is present that must be got rid of, but which NaDOjj Will not 
precipitate, it will be necessary to precipitate it as sulphide from a slightly 
acid solution. Hg in presence of HGy, Ou and fcib in presence of tartaric 
acid, &o., are examples requiring this treatment. 
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If the preliminary examination for bases has shown the presence 
of ammonium salts, it may be necessary to decompose them by boil- 
ing with NaHO solution before preparing Solution 

Ebullition or fusion with NagOO^ decomposes the phosphates of 
the alkaline earths but imperfectly ; the phosphoric acid so corn- 
joined is, however, invariably detected by means of ammonium 
molybdate. 

No further notice need be taken of the following acids ; COg, SHg, 
SOg, HNOg, Cl HO, HCy, since they are detected with certainty in 
, the ‘preliminary examination. 

^ 1. HCl Solution. 

(For H,SO„ HgSiF,,) 

To A Portion of the Solution add BaCl^. 

{a) A white precipitate, insoluble on boiling . . H^SO^ 

(h) A gelatinous translucent precipitate of BaF^SiF^ is obtained. 
Confirm by drying and heating the precipitate in a tube, 
when SiF^ is given oft*. Take the residue and heat with 
NagCO;j on charcoal, placed fused mass on silver coin and 
add 1 drop HCl; brown stain indicates S as HgSOj. 
NHpH produces in some solutions gelatinous H^SiO^j, 
with formation of NIT^F, BaFg, and OHg . . HgSiF,, 

To Filtrate, or another Portion, or same Solution if no Resui.t 
FROM BaClg, ADD FegClg.^ 

(For H.FeCyo, H,Fe,Cy.„ HSCy, and H,SiO,.) 

(a) A deep blue precipitate .... H^FeCyg 

(b) A brown coloration only. If both acids are present, after 

adding a slight excess of Fe^Clg, boil and filter off’, and 
observe the colour of the filtrate. If on the addition of 
SOg orFeSO^ to the filtrate a blue precipitate is obtained, 
ib is confirmatory of the presence of H^FegCy^g. Filter 
again, if necessary ..... HgFCgCyjg 

(c) A blood-red coloration, which is destroyed by HgClg and not 

by HCl (the red colour which acetate imparts to a solu- 
tion of FOgClg is destroyed by HCl) . . FlSOy 

To A Separate Portion add NHpl or (NH4)gCOjj. 

A gelatinous precipitate, requiring no further confirmation, since 
^ BiOg is left on evaporating the filtrate from Group II. 

H^SiO^ 

2. HNO3 Solution. 

(For HCl, HBr, HI, and HCy.) 

Add AgNO^. 

(a) A white curdy precipitate, very soluble in NH^HO . IICl 
[h) A yellowish white precipitate, less easily soluble in NH^HC) 

^ HBr ' 
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Oonfirm by adding 01 water to the original solution 
and shaking up with chloroform or OS^,. Br coloiu'S either 
solvSnt a reddish brown. 

(c) A yellowish white j)recipitate, almost insoluble in NH^HO 

Confirm by Cl water and chloroform or CS^. I 
colours either solvent violet. The blue compound formed 
by I with starch may also be used for confirmation. 

Detection of HBr in presence of HI. 

Add to the solution one or two drops of ^chlorine water and shake 
with chloroform or CS^. I will be indicated by the usual violet 
colour. Now cautiously add more Cl water, when the I colour will 
be destroyed, whilst the Br colour (reddish brown) will become 
evident. Addition of more Cl water will destroy also the colour due 
to Br. 

Detection of HGl in 'presence of HBr or HI or hotk. 

To a well-diluted solution in a porcelain dish add dilute 
and then potassium permanganate drop by drop, keeping the solution 
on the boil. Br and I are liberated. Continue the addition of 
permanganate until the solution is just permanently pink. Add 
AgNOg ; a white precipitate indicates HCl. 

Nitrates may also be tested for in another portion of this solution. 

(i) HCy, — Distinction between HOl^ HBr, HI, and HOy. — Test 

specially for HCy heicpce proceeding to the examination of 
the other acids as described, by treating a small quantity of 
the original substance in a porcelain dish with very dilute 
and causing the evolved HCy to act upon a drop of 
yellow (NH 4 ) 2 S on filter-paper, contained in a second porce- 
lain dish inverted over the one containing the mixture. 
The NH^SCy which is formed gives a blood-red colour upon 
adding Fe^Clg if a ‘‘ single ” cyanide was present. 

(ii) HSCy 1 

(iii) H^PeCyg \ are likewise precipitated on the addition of 

(iv) HjFCjOyiJ 

AgNOg,, and are insoluble in dilute HNO^. The second 
and third form salts which are insoluble in NH^OH, whilst 
AgCy and AggFegCyjjj are readily soluble. These acids are, 
however, best detected in the portion acidulated with 
HCL* 

• 3 . Acetic Acid Solutioi^. 

(For HF, H^CrO,, H,PO,.) 

To A PoETIOX ADD CaCl^. 

{a) A white gelatinous precipitate ..... HF 
. H^SO^ may also be precipitated by OaCljj in a strong 

* No other cyanogen compound but a cyanide gives off HOy when treated 
^ith very dilute oentinormal H2SO4, and it is therefore pofcsible also to dis- 
tinguish HCy in the presence of HSCy, HOCy, H^FeOyg, HgFeaCyi^. 
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solution. HF should, therefoi'e, always be tested for by 
the etching of glass. ^ 

(b) A white precipitate of CaC.,Oj is obtained, which bn ignition 
leaves CaOO,, soluble with effervescence in acetic acid. 
(OaFg is not affected by ignition) . . . 

If the precijDitate be a mixture of CaF^ and Ca 0 / 0 .j, 

^ ' after ignition the residue may be examined (a) by dilute 

^ HOI for CaCO.5, (h) by strong H.SO^ and the etching of 

glass for CaF,. 

•To ANOTHER Portion (or tp a portion of the filtrate if OaOl^ gave a 
precipitate) add Lead Acetate. 

A yellow precipitate of PbCrO^ H^CrO^ 

To another Portion add Fe^Clg. 

A yellowish white, gelatinous precipitate, from a solution of a 
soluble phosphate or a phosphate decomposable by boiling 
withNa^Cof H3PO., 

Phosphoric acid will, of course, have been found during the 
examination for bases by the molybdate test. 

Arsenic acid, if present, should be first removed by treatment 
with SHjj. 

4. Neutral Solution. 

(For the “ organic acids, Tartaric, Citric, Benzoic, Succinic, 
Formic, Acetie^Salicylic.) 

To A Portion add CaCl^. 

(a) A white precipitate which is crystalline, or becomes so, ob- 
tained by vigorously shaking or on standing. Tartaric acid 

Treat the pi*ecipitate of calcium tartrate, after 
thoroughly washing, with a strong cold solution of NaHO. 
After a short time the precipitate dissolves, and on heating 
it is reprecipitated in a gelatinous form. Characteristic 
reaction for tartaric acid. 

(h) On the addition of CaClg in excess, no precipitatB is obtained 
till the solution has been boiled . . . Citric acid 

The precipitate is insoluble in NaHO, but dissolves in 
NH4OI; upon boiling neutral calcium citi*ate separates 
again ; now no longer soluble in NH^^Cl. 

To ANOTHER PORTION ADD Fe^OIg. 

(а) A pale yellow precipitate .... Benzoic acid 

Confirm by the reactions which a benzoate gives in the 
preliminary examination, since a precipitate of Fe2(H0)6 is 
frequently mistaken for ferric benzoate, owing to imperfect 
neutralisation. 

(б) A reddish brown precipitate .... Succinic acid 

Separation of Benzoic and Succinic Acuh. — Precipitate* 
the two acids with Ibe^Cl^. warm the washed precipitate 
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wrth ammonium hydroxide, filter, concentrate the solution 
divide It into two parts, and mix one part with hydrochloric 
acid the other with ban uin chloride and alcoliol. Ba suc- 
cinate precipit§,tes amorphous and almost at once, and 
! \ 4 crystals after some little time 

(c) A red coloration, and on boiling a reddish brown precipitate 
similar to that produced by acetic acid . lonnic acid 
rfd« , capable of precipitating mercuric chlo- 

and^™-'' ^ 1^6 present, heat with HgOL to between 
(d\ The ^ and obseiwe if any reduction takes place. ' 

of feta™ •» 

whole neatralieed nnd boileI‘^e 

^loiir ^ precipitated of a reddish brown 

{e) Purple coloration (very delicate test) . . ,shlicylic acid 

torv essential that with organic acids all possible confirma 

em Joyed ® should be 

Special Examination for other Acids 

(Boric, Arsenious, Arsenic). 

a 

■^^^Sfiiozes and Arsenic Acids. — If As bits hocn f,w. t- n -rr 
some idea as to whether it w^ m eLm irll! 

ns -hoTis »v 

1. Add AglSrOa. 

(а) A^ellow precipitate, soluble in NH.HO or dilute 

(б) A reddish brown precipitate 

2. AddCuSO. ^ 1 • • . Arsemles 

4 

(«) A light green precipitate (Scheele’s green, HCuAsO;) 

To anolh ^ Wue precipitate (HOuAsO,) Ar7ZS 

To another solution made alkaline with TSTH HO add rv,o 

“^tSeTre^JSr ^H.C1; *S: 

* Thf^fiP f-Acfo 1 1 ' * ‘ ‘ * Arsenates 

known to be absent. ^ ® successfully employed when phosphites are 
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Sulphides which are not easily attacked hy acids ^ or are quite tin- 
attacked. — Mineral sulphides of this type are very commonly met 
with. Although the artificially prepared sulphide ifiay be readily 
decomposed by acid, the natural sulphide may be quite unacted on 
(e.y., lead sulphide and galena, ferrous sulpiride and iron pyrites). 

Sulphides attacked with difficulty more readily yield H.,S when 
tfeated with dilute HOI in presence of finely divided metals, as zinc, 
'aluminium or iron, hydrogen being at the same time evolved. 

In general it is better to fuse the finely divided mineral with 
sodium carbonate, when Na^S is produced. This may then be treated 
as a soluble sulphide. ^ 

Method of Analysis when Cyanogen Compounds are Present. 

Cyanogen compounds may be of the simple cyanide class, sulpho- 
cyanides (thiocyanates), or complex cyanides, such as ferro- and 
ferri-cyanides, cobalticyanides, &c. The presence of cyanogen groups 
necessitates either their removal, or, if this is impracticable, special 
methods of analysis, many of the double cyanides being insoluble 
and difficult to decompose. 

Cyanogen compounds will have been indicated by the dry 
reactions. Simple cyanides will evolve hydrocyanic acid when the 
dry substance is treated with strong HCl, leaving a solution or 
residue of metallic chloride, which may be examined as usual. 
Certain of the double cyanides are also completely decomposed by 
acids ; such cyanides possess an alkaline reaction. (The student is 
recommended to consult the lists of single and double cyanides on 
pp. 205, 297.) 

AgCN, Ag^Fe(CN)(j, and AggFe 2 (CN)j 2 are decomposable into 
AgCl by boiling with aqua regia.* Mercuric cyanide (soluble in 
water) is decomposed by HgS. 

Before commencing the analysis the naiu^re of the cyanogen com^ 
pound must he ascertained. 

(a) First ascertain whether the cyanogen compounds are soluble 
in water ; if so, whether the solution is alkaline. 

{h) Warm with strong HCi. The characteristic blue or green 
colour of the ferro- or ferri-cyanides may appear in the solution or 
insoluble residue. 

(c) Trent a portion of the insoluble residue from FlCl with boiling 
KHO or NaHO, add ISra^,0^ \ solution until no further precipitation 
takes place, boil well, filter, just acidulate the filtrate with dilute 
3JC1, and test for H^Fe(CN)g and HgFejj(CN)j 2 by means of ferrous 
sulphate and ferric chloride (see pp, 300-302). 

Removal of Cyanogen Groups. 

The elimination of from simple and certain double cyanides 
has been referred to above. 

* AgON is very difficult to decompose. Palladium cyanide is practically ^ 
undecQmposable by any method (strongly heating excepted). 
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HITO decomposed by evaporation with strong 

Insoluble double cyanides may be decomposed by one of the two 
lollowiug methods, but such a procedure only permits of the metals 
present being ascertainecf, and gives no indication of the 'manner in 
which they are combined. It is therefore preferable to use the more 
complete method given later. 

_ Method I.— Fnse> the substance in a crucible with either ammo-' 
nium persulphate or a mixture of ammonium sulphate and nitrate. ' 
1 should be stopped before all the ammonium salts are 

VO atili&ed, and the residue may then be examined as usual. Any ■ 
±>a, Sr, Pb, &c., will be converted into insoluble sulphates. 

+ ^ portion of the substance ivith pure concen- 

tie Sr».t.r 


SolMwn A. 

Mix solutions A and 
evaporate off the 

acids, and examine for [ 

bases as lusaal. SohitUm B. 

Mix with A. 


ae. Boil with concentrated 
H-Cl, dilute, filter. 


Residue may contain silica and any 
other substances originally present 
and which were insoluble in the 
acids; also Ba, Sr, Pb,* &c., con- 
verted into sulphates by the HoSO., 

^ liyat this residue as an ordinary 
insoluble one.f 


MmgSiC&fg’ffof “'■“'•'I the eltortJ, bj 
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SILICATES. 

With the excepuon of those of potassium and sodium, ail silicates 
are insoluble in water or nearly so. 

A few silicates are insoluble in concentrated HOI or IL.SO^, but 
the greater number are either partially or entirely decomposed by 
these acids when heated with them. 

Most rocks are mixtures of several silicates, of which some are 
often decomposable by acids ; othei’s are i^ot. If, therefore, it is 
considered necessary to asceitain, as far as possible, the actual 
composition of the silicate under examination, it is advisable to 
examine separately those constituents which show a different 
behaviour with acids. Silicates such as kaolin and common clays 
can frequently be decomposed either wholly or partly by concen- 
trated sulphuric acid ; many natural silicates yield more or less 
silica on treatment with hydrochloric acid, which silica may be 
taken to represent the soluble silica, or the decomposable silicate, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 

If the ultimate analysis only is required, without reference to how 
the elements are combined, the silicate may be at once decomposed by 
fusion with fusion mixture. 

In this case the alkalies must be tested for in a separate 
portion. ^ 

Decomposition of Silicates jiy Fusion with Fusion Mixture. 

The silicate is first pulverised very finely in a steel and finally in 
an agate mortar, then intimately mixed with four or five times its 
weight of pure fusion mixture, and heated in a platinum crucible as 
long as any gas is given off. The heating may require to be com- 
pleted over a powerful blowpipe. 

A platinum crucible can be employed with safety only when 
the absence ofi* easily reducible irnd fusible metals has been estab- 
lished by a preliminary examination of the siliceous substance in the 
dry way. 

The silica is thus obtained in combination with the alkalies, but 
there may also be present other acid radicals converted by the fusion 
into soluble compounds (fiuorides and phosphates, for example), also 
certain oxides originally present in combination as bases witli the 
silicic acid (such as Aip^, 0r,0.,, Mn/)^ or MnO^, ZnO, SnOj, which 
are now in combination as acidic radicles with the alkali bases 
(aluminates, chromates, ^ &c.). Extraction of the residue with boiling 
water will remove all the above. 

The residue will consist of insoluble carbonates or oxides, and 
may contain BaO, SrO, CaO, xMgO, Fe, 03 , Chrome iron ore 
if originally present will remain unaltered by the fusion, 
""and so will appear in this residue. 
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Treatment of the Fused Mass, 

Repeatedly extract with hot water and filter. 

Residue. — Dissolve in hot HCl and examine for all metals (except 
K and Na) in the nsual manner. Any portion insoluble may arise 
through insuificient powdering and fusion of the substance, or be due 
’to chrome iron ore or TiO^.’^' The former may be gob into solution, 
•and the metals identified, by treatment with strong HlSrO^ and a 
prystal of potassium chlorate. 

SoliUion. — Divide into two parts. 

Part 1. — In this it is hecessary to decompose the alkali silicates 
with excess of dilute HOI, and th n render the silica insoluble by 
evaporation, first gently to avoid spirting, then when the mass is in 
a pasty condition the temperature is raised, and the mass thoroughly 
broken up with a glass rod until no large particles remain. This is 
essential, for if the acid is not completely removed some silica will 
pass into solution. 

Treat the dried mass with a little strong HCl, add water and 
filter. Any white insoluble residue is SiO.,. 

.The solution obtained must be examined for metals likely to be 
rendered soluble by the fusion (Al, Or, Mn, Zn, Sn). 

Part II. — Portions of this should be tested for any acid radicals 
which in their original combination were insoluble, but owing to the 
fusion have been converted into soluble sodium or potassium salts. 
A consideration of the acids which could possibly be present with the 
bases found will lead to the elimina^on of many of them.f Parts of 
the solution may, however, be generally tested with : 

{a) HCl and barium chloride for sulphatts. 

(h) HJSTOa and ammonium molybdate for arsenates and phos- 
phates, If a precipitate is obtained, then the usual pro- 
cedure for removing As must be resorted to, the liquid 
being afterwards tested for phosphates. 

(c) HCl in excess, boil off 00^, add NH^HO in excess, then OaCl^j, 
and allow to stand. A precipitate indicates fluorides.^ 
and this precipitate after 'drying should bq confirmed by 
warming with H^SO^ for HE. 

(c?) Acetic acid in excess and lead acetate for chromates. 


Detection of the Alkalies in all Silicates. 

, About 1 grm. of the finely pulverised silicate is mixed with 
1 grm. of pure powdered ammonium chloride and 8 grms. of pure 
calcium carbonate. The ingredients are thoroughly mixed in a 
mortar and introduced into the platinum crucible, which is gently 

* Titanium oxide, if present, will mainly be found in the portion insol- 
uble in boiling water. Its separation from silica is referred to on p. 291. 

t If insoluble’ halogen salts of silver are indicated in the preliminary 
reactions, then acidify a portion with nitric acid and test for Cl, Br, or 
by AgNOa. 
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tapped and the contents shaken down tight. The crucible is loosely 
covered by the lid, and heated to a bright red heat for from forty to 
sixty minutes.^ 

The crucible is now allowed to cool. When cold the contents 
will be found to be more Or less agglomerated in the form of a semi- 
fused mass. Tapping with a glass rod will generally detach the mass, 
which is then to be heated in a beaker with about 60 c.c. of distilled 
water, when it may slake and crumble after the manner of lime. At 
the same time water is put into the crucible to slake out any small 
adhering particles, and this is added to the contents of the other vessel 

By this treatment with water the excess of lime used is obtained 
as a hydroxide, some of the lime is combined with the silica and other 
ingredients of the silicate in an insoluble form ; and in solution there 
is the excess of chloride of calcium formed during the reaction, 
together with the alkalies present in the silicate. 

The contents of the vessel are filtered, the residue on the filter is 
well washed with distilled water, and the washings added to the main 
solution. The residue is neglected. 

Solution . — Precipitate the lime with a solution of pure ammonium 
carbonate, filter and wash, evaporate the solution on the water-bath to 
about 40 C.C., when a little more of the carbonate and ammonium 
hydroxide should be added to precipitate the small amount of 
calcium which has previously escaped precipitation. Filter through 
a small filter, wash, and evaporate to dryness on a water- bath, pre- 
ferably in a platinum dish. 

When dry, the dish is very gently heated by a Bunsen flame to 
drive off the ammonium chloride. Gradually increase the heat until 
a little below redness. Nothing now but the pure alkali chlorides 
should remain. 

Test the residue in the usual way for potassium and sodium or 
lithium, and with a spectroscope if possible. 

This process may be followed as a quantitative one to obtain the 
collective alkalies from a silicate. 



EXAMPLE OF METHOD OF EECORDING 

WORK. 

The following example is given to illustrate a systematic method 
of recording the experiments performed, but it also serves to illus- 
trate the fact that in all analytical work the results are arrived at 
by a systematic process of elimination. Students too often overlook 
the important point that much information is often obtainable from 
an apparently negative observaiio^, and every deduction possible 
from any experiment or observation should be recorded. 
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EXAMINATION OF A MIXTURE. 

Peeliminary Dry Examination. 

Compound given : A dirty white powder. Probable absence of oxides 
and sulphides of heavy metals, Cu, Fe, Cr, Ni, Co compounds, permanganates, 
chromates. 


Experiment. 


Gently heated in a bulb 
tube. 


Heated stronger. 


Heated a portion of the 
substance, mixed with 
charcoal — soda-lime in 
tube. 

Heated on charcoal in the 
blowpipe flame. 


Solubility. 




Observation. 


Substance first fused. 
Then heavy white 
fumes formed, which 
condensed in the up- 
per part of the tube . 

■ Gave off reddish brown 
I fumes and a gas which 
! supported combustion. 

' The residue was yel- 
lowish whilst hot, dirty 
white on cooling 

Odour of NH3, litmus 
blued, mirror and me- 
tallic globules in tube 

Substance gave off heavy 
fumes, rnd was partly 
reduced to the metallic 
state. Themetalmalle- 
able and marked paper; 
incrustation yellow . 

The substance dissolved 
partly in water, partly 
in HCl, to a colourless 
solution 


CO2 was, evolved, which 
turned lime - water 
milky .... 

No ob’oiir ol H.,^, 
orHCN . “ . 


No brown fumes . 


Inference. . 


Probably compounds of 
NHo, Hg, As, (fee. 


Nitrates of heavy metals. 


Lead, tin, or bismuth 
probably present. 


NPI3 and Hg com- 
pounds. 


Pb. 

Absence of Hg.^Gl.,, 
AgCl, AgBr, Agl, 
SnOy, ignited AloO.^, 
Cr.p.,, PbSO.t, BaJSOj, 
SrSO^, CaS04, insolu- 
ble silicates. 


Pie.ifiice of rrfrijco’ito. 

Absence of sulphide*, 
sulphites, and cya- 
nides. 

Absence of nitrites. 



^ Examination in Solution for Bases. 

mixing the water and HCl solutions, acicular needles fell out ; probably lead as chloride. Filtered. 
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A. — Examination of H^S Precipitate. 

Thoroughly washed the precipitate and warmed with NaHO. Filtered. 


Residue. — W armed with 1 to 1 HNO 3 for some time ; diluted, Solution. — 
filtered. Added dilute 

HCl till just 


Residue. — 
Black, pro- 
bably HgS. 
Dried ; ig- 

Solution. — I s colourless. Ou probably ab- 
sent. Added dilute H’2‘S04 and alcohol. 
Warmed, filtered. 

acid. No pre- 
cipitate. 

Absence of 
As, Sb, Sn. 

nited in a 
bulb tube 

1 

1 Precipitate. — W hite 

Solution. — Boiled 


with dry 

— probably PbS04. 

off spirit, added 


N a 2 C 0 3 . 

Warmed with ammo- 

NH4HO. 


Metallic 

nium acetate, added 

No blue colour — 


glob ule s 

K2Cr04. Yellow pre- 

Absence of Cu. 


confirms 

oipitate confirms 

No precipitate— 


Mercury. 

Lead. 

Absence of Bi. 




Passed H2S. 

No yellow precipi- 
tate. j 

Absence of Cd. 

1 



B. — Examination of Ammonium Carbonate Precipitate. 

Portion of the washed precipitate dissolved in drop of HCl and flame tested. 
Reddish yellow. Absence of Ba and probably Sr. ' 


Dissolved precipitate in acetic aqjld and added K20r04 to part. 


No precipitate. Other portion. — Added ammonium sulphate, and allowed 

Absence of Ba. tube to stand for ten minutes in boiling water. 


No precipitate. Solution. — Added ammonium oxalate 
Absence of Sr. A white precipitate— Ca present. ** 
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Preliminary Examination for Acids/ 

A carbonate has already been indicated by effervescence with HCl. 


Experiment. 

Observation. 

Inference. 

Treated with concen- 
tiated H2SO4. 

01 and nitrous fumes ; 
bleaches litmus-paper ; 
test-tube not etched . 

HCl and HN 0 .j. 

Absence of HF. 

Warmed with MnO.^ and 

01 evolved 

HCl. 

strong H2SO4. 

No Br or I 

Absence of HBr, HI. 

Heated with Cu and 
strong H2SO4. 

Brown nitrous fumes 

Presence of HNO3. 

Confirm HNO., by means 
of H0SO4 and FeSOj. 

A brown ring formed 

HNO3. 

i 


Examination of Solution for Acids. 


Dissolved in dilute HCl and filtered. 

Dissolved in dilute HNO3 and filtered. 

Added BaCl.2. No precipitate. H.2SO4 
absent. 

This was hardly likely, as Pb was 
present in a soluble form. 

Added AgNO.,. White curdy pre- 
cipitate, soluble in AmHO. Presence 
of HCl. 

Warmed original substance with MnO.2 
and H3SO4. Yellow gas = 01 . 


Ammonium molybdate, no results : absence of PoOr,. Moistened with 
strong H0SO4 and alcohol added and inflamed ; no yellow-green flame : 
absence of BoO^. 

Found — Bases : Hg,^Pb, Ca, NH«, 

Acids : CO.^, HNO3, HCL 







SUMMARISED TABLE OP DRY REACTIONS 


Aualytlea 

^ ivr<^ta.i 

Compound, Heated in 

Moistened with HCi 
and Heated ou Plati- 

Heated in Borax Bead 

Group. 


Dry Tube. 

num "Wire. 

in Blowpipe Flame. 



Ilesfch/e os" ,• 

Manie os* colcmred: 

Outer 


' Pb 


Jlame. Hanie 


Red, hot ; yellow, 
cold ; fusible. 

Bluish. 

Nothing marked. 

iJ 

Ag 

Brownish, hot ; me- 

— 




tallic, cold. 


*■ ” 


Hg 

Sublimate of metal.'' 




Bi 

Yellow, cold ; infu- 

Bhpsh. 


IL a- 


sible. 


Cu 

Black, hot and cold, 
infusible. 

Green. 

Light blue. Red. 


Cd 

Brown, hot; lighter, 
cold, infusible. * 


Nothing marked. 

( 

As 

Sublimate.* 

Pale blue, thin. 


11. /3 

Sb 


,, denser. 

5 ? i> 

[ 

Sn 

Yellow, hot ; paler, 

,, streaky. 




cold, infusible. 

’ 


Fe 

Dark red. 

— 

Red, hot ; Pale 
pale yellow, green. 





cold. 

nr. J 

Al 

White, 

— 

— 

\ 

Or 

A 

Green or purple. 

— 

Green. Green. 


Mn 

Black or dark red. 

Greenish yellow. 

Amethyst. Colonr- 


Zn 

White. 

Thin, streaky green. 

less. 

III. / 3 J 

Ni 

Black. 


Violet or Greyish. 





reddish. 


Co 


1 , 

i 

Deep blue Deep blue, 
[sapphire). 

( 

Ba 

White. 

1 

Yellow-green. i 

— 

ly. 

Sr 


Crimson-red. 

— 

1 

Ca 

- 

Pale red. 

— 

f 

Mg 

White. 

— 

, ^ 

V. a] 

K 

„ fusible.§ 

Violet. 

; 

1 

Na 

» >» § 

Yellow. 

s 

V. /3 

NH^ 

Sublimate. * 

i 

- i 


FOB, METALS. OPERATIONS. 


Heated 011 Charcoal. 

Heated with Na2COj{ 
on Cljarcoal./ 

Fused on Flati- | 
1 num Foil with I 
i Na2CO.. and j 
1 KN(")„. 1 

Met all iG n InGVUH- 

Vead: tat Ion. 

Bead ov Beat due. 

’ 1 

White, soft. 

Yellow. 

White, soft, marks 
paper. 

■” 

White. 

None. 

Wliite, malleable 

1 — j 

White, 

brittle. 

Yellow. 

White, buttle, 
very fusible. 

j . . . 1 

_ ! 

Bed scales. 

— 

Red, malleable. 

— 

Hard to get. 

Brown. 

White, soft, verj’ 
fusible. 

~ 

Strong 

White. 

Strong odour. 



odour. 




White 

fumes. 

Bluish 

white. 

White, brittle. 

__ 

Luminous.t 

— 

— 

— 

Black 

metallic 

residue, 

None. 

Black metallic 
particles, mag> 
netic. 

— 

magnetic. 




White 

luminous 

?5 

White residue. 

>% 

residue.f 




•Green. 


Green or yellow 
mass. 

Yellow mass 

= K 2 Cr 04 . 

Black, 


Black residue. 

Blue-green 

enamel. 

White 

White. 

White ,, 

— 

luminous 

residue./ 




Black 

None. 

Black magnetic 

— 

magnetic 


residue. 


residue. 




Black 

magnetic 


Black magnetic 
residue. 

— 

residue. 




White 

3? 




luminous, f 



1 

White 

J 5 

Same, less dis- 

— 

luminous?/ 

i 

tinct. 


White 



i 

luminous./ 




White 


— 

— , 

luminous./ 



1 

Sinks into charcoal. 1 

— 

— 


>■ 

— 

j 


Iicmarl!;;.s and Notep. 


I. 

* Sublimate is treated 
with SHo by passing 
the gas into tube. 
Hg becomes black. 
Cdl / light 

As/ ” \ yellow. 

Sb „ orange. 
NH4 unchanged. 

II. 

Heated in tube 
T\ith black flux, 

Hg gives globules 
of metal ; 

Sb and As give 
black ring and 
mirror in tube ; 

Cd gives brown 
ring and bright 
mirror. 

t White luminous 
infusible residues onltj 
are to be moistened 
with CoNoOg solution 
and again heated, when 
A 1 becomes blue. 

Zn „ green 
Mg „ pink. 

Sn ,, dirty 

green. 

Earthy phosphates and 
all borates become 
purple or blue. 

J The appearances 
are very similar. If an 
incrustation is given 
on charcoal alone it is 
also given whenNa.2CO..j 
is used. 

§ If the acid be 
colourless. 


White fumes. 
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EE ACT IONS OF THE KAEE ELEMENTS. 

Certain elements (mostly metallic) were termed ‘‘rare’’ when they 
occurred in nature, so far as ’was known, to a limited extent, 
often being peculiar to a certain class of minerals or a par- 
ticular locality. The possibility of their technical employment 
seemed remote. More recent research has, however, shown that 
many of these substances are far more widely distributed, and in 
greater quantities, than was supposed. Fresh sources of supply of 
some of those which within the last few years have been found of 
value for specific purposes are eagerly sought after. Thus, thorium 
and cerium for incandescence gas mantles, tungsten and vanadium 
for special steels, iridium for tfee tips of gold pens, tantalum for 
electric lamps, are instances of the common employment of these 
so-called rare metals at the present time. 

It is of much greater importance, therefore, that the student 
should become familiar with these elements than was formerly the 
case, but for purposes of study it is still desirable to discuss their 
reactions in a separate section from the generally recognised common 
metals, and still to refer to them as “ rare” or “rarer ” elements. 

Some of the heavy metals, possessing very little afiinity for 
oxygen, such as palladium, rhodium, osmium, ruthenium, and iridium, 
are found native, and associated with platinum and gold. Others 
are found in combination with oxygen, such as titanium, uranium, 
tantalum, and niobium : with sulphur or arsenic, such as tungsten 
or wolfram, molybdenum, vanadium, thallium, indium, and ger- 
manium. 

The rare elements usually classified among the so-called light 
metals, having a specific gravity for the most part of less than r>', 
and yielding insoluble oxides which are mostly specifically heavier 
than their metals, such as glucinum, zirconium, thorium, cerium, 
lanthanum, didymium (consisting really of two elements, neodymium 
and praseodymium*), yttrium, erbium, ytterbium, and scandium, are 

* “ Didymiam” is still employed in the text, although it must be clearly 
understood that it refers to the mixture of these two elements. In most 
p rfiethods of separation they are thrown down together, and therefore analyti- 
' cally may be conveniently regarded as an element. 
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chiefly met with in nature as oxides in combination with silica 
(sometim.es combined with titanic, niobic, and tantalie acids) ; and, 
lastly, the metals of the alkali group, whose oxides possess the most 
pronounced basic character and are solubledn water, such as lithium, 
rubidium, and caesium, are chiefly met with as salts — carbonates, 
phosphates, or silicates, sometimes in a soluble condition in sea-water 
or in mineral springs as chlorides. 

Like didymium, it is by no means established that some of the 
rarer* of these substances are incapable of further resolution into 
simpler bodies. The reactions with precipitants is in many cases so 
similar that separation of^ne from the other is a difficult and tedious 
operation. 

It is, of course, not pretended that more than an elementary idea 
of the treatment of the rare metals or minerals containing them is 
here given. . 

The following is the analytical position assigned to these metals 
by the vai-ious group reagents : 

Group I, Freci'pitated hy IlGL — Tungsten, as tungstic acid ; 

niobium, as niobic acid ; thallium, as chloride. 
(Tantalum, as tantalic acid, and molybdenum, as 
molybdic acid, are soluble in excess of HOI.) 

Group II. PreGipitatecl hy SII.,, from a HGl solution^ as sul- 
phides : 

(A) Insoluhle in yelloio ammonium sulphide : 

Palladium^ rhodium, osmium, and ruthe- 
nium, and thallium in thallic salts (close 
resemblance to lead). 

(B) Soluble in yellow ammonium sulphide .* Gold, 

platinum, iridium, molybdenum, tellurium, 
selenium, and germanium. 

Group III. Precipitated hy FHfil^ and : 

Uranium, indium, thallium, gallium, as sul- 
phides ; glucinum or beryllium, thorium, zir- 
conium, cerium, lapthanum, didymium, yttrium, 
ytterbium, scandium, erbium, titaniuln, tantalum, 
samarium (and columbium), as hydroxides. Yana- 
dium, precipitated as sulphide, on adding HCl 
to the filtrate. 

Group IV. None. 

Group V. Lithium, caesium, and rubidium. 


METALS OF THE ALKALIES. 

The alkali metals, caesium, rubidium (potassium, sodium), and 
lithium, are remarkable for their highly electro-positive character, 
the powerfully alkaline nature of their oxides and hydroxides, and 
the very general solubility of their salts. Caesium appears to be'* 
the most highly electro 'positive member, whilst lithium shows the 
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least electro-positive character. They exhibit analogous grada- 
tions in their, respective combining weights, fusion points, specific 
gravity, action upon water, and the solubility of their carbonates, 
thus : * 


Atomic weights 
Fusion points . 
Specific gravity ■\ 
atl5°C. / 

Action of tbe^ 
metals upon i 
M'ater J 

Solubility of | 
the respective y 
carbonates J 


Caesium. 

Rubidium. 

Potassium. 

Sodium. 

Lithium. 

132*9 

85*5 

39*1 

23 

7 

26°-27‘’ 

38*5" 0. 

62*5° C. 

97° 0. 

180" 0 . 

1*88 

1*516 

•865 

•97 

•59 ' 

Decomposes 



Do., but does 

Do., but 

cold water, 

Do. 

Do. 

not generally 

with less 

the hydrogen be- 

inflame the 

violence. 

coming inflamed. 


D 

hydrogen. 


CsoCOg 

Rb^CO;. 

K 3 CO 3 

NaoCO. 

LiaCOo 



..—■I— 1 r — ^ 

Not I 

)ifficultrv 


Highly deliquescent, absorbing deliques- soluble in 
water speedily from the air. cent. water. 


The salts of all the alkali metals are isomorphous, and in general 
properties rubidium stands between caesium and potassium, whilst 
lithium appears to form the connecting link between the alkali 
metals and the metals of the alkaline earths. This is shown more 
especially by the comparatively insoluble nature of its phosphate 
and carbonate. 

The metals may be obtained by electrolysis of the fused chlorides 
or by the reduction of the oxides by carbon or iron at a high tem- 
perature. Metals, oxides and hydroxides are volatile at very high 
temperatures. 

REACTIONS OF THE RARE METALS OF THE 
ALKALI GROUP. 

] CAESIUM, Os'. Atomic weight, 132*9. — Occurs in very small 
quantities in many mineral waters, as chloride, .and in a few 
minerals (lepidolites) ; in large quantities in the rare felspathic 
mineral pollux, found in Elba, said to contain 34 per cent, of 
caesium. 

Both caesium and rubidium were discovered by Bunsen and 
KirchhofiT in 18 GO, whilst examining spectroscopically the saline 
residue left on evaporating large quantities of the Diirkheim mineral 
water. The hydroxide, OsHO, is very soluble, both in water and 
alcohol, and very strongly alkaline. The carbonate, Gs,,OO.p resembles 
potassium and rubidium carbonate, but is soluble in five parts of 
boiling alcohol. (Distinction from K^CO^, Na^OO^, and Rb^CO^, 
which are practically insoluble in alcohol.) 


Dry Reactions. 

When heated on platinum wire, in the inner flame of the blowpipe, 
volatile caesium salts impart an intense sky-blue colour to the outer 
flame (hence the name of the metal, from caesius, sky blue), 
r When examined with a spectroscope, two intensely sky-blue lines, 
OsaX and Cs/3X, close upon the strontium line, Sr5X, are seen 
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(together with various other less distinctly visible lines in the orange, 
yellow, and green). 

Reactions in Solution. 

Any salt will give the reactions. 

PtCl;^ produces a light yellow crystalline (octahedral) precipitate 
. of the double chloride of caesium and platinum, 2CsCl,PtClp very 
, difficultly soluble in boiling water — *377 part in 100 of water. The 
corresponding potassium platinic chloride is dissolved by repeated 
'treatment with boiling water. 

Tartaric acid produce,^^ a colourless, transparent, crystalline preci- 
pitate of hydrogen caesium tartrate, THCs ; about eight times more 
soluble in water than the corresponding rubidium salt. 

RUBIDIUM, Ilb^ Atomic^ weight, 85*5. — Occurs widely diffused 
in nature. It is met with, although only in very small quantities, 
in a large number of minerals, in lepidolites and in mineral 
waters, in most natural deposits of potassium salts, likewise in the 
ashes of many plants, such as tobacco, coffee, beetroot, &c.* It is 
white, more easily fusible and convertible into vapour than potassium, 
and takes ffre spontaneously in air. Its oxide, rubidia, Rbp, is a 
powerful base, and its salts, like the corresponding caesium salts, 
are isomorphous with those of the metal potassium. The hydroxide, 
RbllO, is strongly alkaline, and very soluble in water and alcohol. 
The carbonate, Rb^CO^, is a deliquescent salt, insoluble in alcohol. 

Dry Reactions. 

Volatile rubidium salts, when heated on a platinum wire in the 
inner blowpipe flame, colour the outer flame dark red (hence the 
name rubidium, from ruhidus, dark red). When examined spectro- 
scopically, two dark red lines, Rb3X and RbyX, on the extreme left of 
the solar spectrum and close to the potassium line, together with two 
distinctly violet lines, and several weaker lines in the yellow, readily 
distinguish rubidium compounds. 

'« 

Reactions in Solution. 

Any salt will give the reactions. 

PtOl^ produces a light yellow crystalline (octahedral) precipitate 
of rubidium platinic chloride, 2 RbCl,PtCl 4 , very difficultly soluble in 
boiling water— -GBI in 100 water. 

• Tartaric acid yields a white precipitate of hydrogen rubidium 
tartrate, THRb, which is soluble in 10*3 parts of water at 25° C. 

Rubidium and caesium resemble potassium, also, in forming 
isomorphous alums, which differ considerably in their solubility in 
water. 100 parts of water at 17° 0. dissolve 13*5 parts of potassium 
alum, 2*27 of rubidium, and only *62 part of the caesium alum. 

* Ifc is just possible that the fertility of some soils for certain species o£ 
plants may be influenced by the presence of salts of these metals ^ 
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LITHIUM, Ia. Atomic weight, 7*03. — Appear.^ to be widely 
diffused in nature, although it is found in quantity only in a few 
silicates, lithia-mica or lepidolite (2 to 5 per cent, of Li), in petalite 
and spodnmene, and in a few phosphates, such as triphylline, or 
ferrous [manganous] lithinim phosphate, ;3Fe3P,Oj,,Li.^PO.j (with 8 to 
4 per cent, of Li), and amblygonite {G to 9 per cent, of Li). It has 
also been found in many mineral springs — most abundantly as ^^etin 
a mineral spring in Cornwall — in sea-water, in the ashes of various 
kinds of tobacco and other plants, and in some meteorites. 

The metal lithium is much less oxidisable than potassium ' and, 
sodium. It makes a lead-grey streak on jiaper. When freshly cut 
it has the colour of silver, but tarnishes quickly on exposure to 
the air, becoming slightly yellow. It is harder than potassium 
and sodium, but softer than lead. It floats on rock oil, and is the 
lightest of all known solids, its specific gravity being only *59. It 
decomposes water at the ordinary temperatures, with evolution of 
hydrogen, forming lithium hydroxide, LiHO, but does not melt, and 
it ignites in air only far above its melting-point (180° 0.). The 
oxide, OLi^, is not deliquescent. 

Dry Reactions. 

Lithium salts are more fusible than potassium or sodium salts, 
and impart a very distinct carmine-red colour to a non-luminous 
flame when heated on platinum wire. An excess of potassium salt 
does not materially interfere with the production of this colour ; but 
the presence of a small quantife?' of sodium gives rise to an orange- 
yellow flame. Lithium phosphate requires to be moistened first 
with hydrochloric acid ; whilst silicates containing lithia must first 
be decomposed by means of strong sulphuric acid, or by fusion with 
calcium sulphate, or by treatment with hydrofluoric acid. By means 
of the spectroscope the occiuTence of very minute traces of litbium 
may be readily detected by a brilliant crimson band, LiaX, between 
the lines B and 0, and sometimes a faint yellow line, if the flame of 
a good Bunsen burner be employed. 

Reactions in Solution. 

Use a solution of lithium chloride, LiCL 

PtC ]4 produces no precipitate, 

HNajjPO^ (hydrogen disodium phosphate) — but not the corre- 
sponding potassium salt —produces on boiling a white precipitate of 
lithium phosphate, 2 Li 3 p 04 -f- very little soluble in cold watqr 
(250 parts), soluble in HOI, and repreeipitated only, on boiling, after 
neutralisation with NHpH. Addition of a few drops of sodium 
hydroxide after the phosj^hate, in order that the solution is distinctly 
alkaline, makes precipitation more certain. 

Lithium carbonate, especially after having been fused, is difii- 
cultly soluble in cold water, hence an alkali carbonate yields from 
c^oncentrated solutions of lithium salts a crystalline precipitate of 
lithium carbonate, Li 2 . 0 O 3 (1 part of the carbonate requires 100 parts 
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of cold water for its solutioHj bub less of boiling water). It is 
insoluble in alcohol. When fused for a short time on platinum the 
metal after washing shows signs of corrosion. 

Hydrogen lithium tartrate is soluble in water. 

Lithium silicofiuoride is almost insoluble. 


METHODS FOR COMPLETE SEPARATION OF METALS 
. ' OF THE ALKALI GROUP. 

Before any account ij? given of methods suitable for the separation 
of these metals, it will be well to consider briefly those differences 
on which systems of separation may be based. 

1. The chlorides of K and Na are almost insoluble in strong 
alcohol (95 per cent.), whilst those of Cs, Rb, and Li are fairly 
soluble. 

2. The carbonate of Li is relatively insoluble in water. Os^COg is 
soluble in alcohol, whilst Rb^COg is insoluble. 

3. The platino-chlorides difler remarkably in their solubility in 
water. Thus 100 parts of boiling water dissolve: K, 5T8 parts; 
Rb, 0*684 parts; and Os, 0-377 parts. At 10° : K, 0-9 parts ; Rb, 
0*154 parts; Os, 0*05 parts. 

4. Caesium hydrogen tartrate is eight times as soluble in water as 
the corresponding rubidium salt. 

5. Rubidium iron alum is readily soluble in hot water, scarcely 
soluble in cold, whilst potassium imn alum is very soluble, hot and 
cold. 

The metals should be converted into chlorides, and a dry mass 
obtained by evaporation, then treated with a drop or two of HCl 
and strong alcohol. 

The residue consists of KCl and NaCl. 

The solution contains CsCl, RbCl, LiCl. The alcohol is evapo- 
rated off and a strong solution in water precipitated by PtCI^. 
contains lithium. * ^ 

The precipitate may be a mixture of Cs^PtClg and Rb^PtCIg 
(together with probably a trace of the K salt). 

By extraction with boiling water any K salt can be removed, and 
on igniting the remaining platinum salts in a current of hydrogen 
the CsCl and RbCl remaining can be separated from the metallic 
platinum by hot water. The two chlorides are next converted into 
carbonates by digestion with Ag^COg. The solution can then be 
evaporated to dryness, and the Cs^COg extracted with boiling alcohol, 
RbgOOg being insoluble. Or, better, the carbonates maybe converted 
into acid tartrates, by adding to the solution twice as much tartaric 
acid as is necessary to neutralise it. The two tartrates are separated 
by fractional crystallisation, hydrogen rubidium tartrate crystallising 
out first^, being about eight times less soluble in water than the 
corresponding caesium salt. On ignition, the pure tartrate yields « 
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again the carbonate, from which the various salts may then be 
prepared. 

Alternatim' Method of Separation of Gs from lib. — SnOl^, added to 
a solution of the chlorides of Kn, K, Li, lib, and Os, containing free 
HOI, forms a heavy whi^e precipitate, consisting of nearly pure 
caesium stannic chloride, 2Cs01,Sn01^. By recrystallisation from a 
hot hydrochloric acid solution, the crystals are obtained pure. Thife 
reaction affords an easy method of detecting caesium in a mixture 
of the alkali clilorides. A hydrochloric solution of SbCl.j acts simi- 
larly, precipitating a crystalline double chloride of OsOljSbOl^. The ■ 
precipitate is decomposed by water, but pan be washed without 
decomposition with concentrated HCl. The other alkali chlorides 
(K, Na, and Eb) are not thus precipitated from moderately dilute 
solutions. 

During any process of detecting and separating the metals of this 
group the spectroscope will prove at each stage of great service. 


EEACTIONS OF THE EAEE METALS OF GEOUP III. 

Group III. comprises the rare metals uranium, indium, thallium, 
beryllium (glucinum), thorium, zirconium, cerium, lanthanum, didy- 
mium, titanium, tantalum, niobium (or colnmbium), yttrium, erbium, 
terbium, samarium, and vanadium. 

As it is extremely difficult to obtain the salts of these metals in 
a pure state commercially, and 2 ^ the price charged for them puts 
them out of the reach of most students, it will be preferable to 
sketch out briefly how some of their minerals can be made to furnish 
the several salts. 

(A) Eare metals precipitated by the group reagents ammonium 
chloride, hydroxide, and sulphide, in the form of oxides (hydroxides). 

Besides the metals aluminium and chromium, already treated of 
in the main portion of the book, there are ; 

1 

\ GLUCINUM (beryllium), Gl". Atomic weight, OT. — This metal 
occurs only in a few minerals as a silicate, inphenacite, GlgSiO^, com- 
bined with aluminium silicate; in beryl, AlgOg.JlSiOj, 4- J5(G10.Si0„), 
and in smaragdite, in euclase, and some other rare metals, such as 
leucophane. 

The metal is obtained, like the metal aluminium, from its^ 
chloride. It is white, and has a specific gravity of ld>4. It re- 
sembles zinc and aluminium in dissolving in HOI, as well as KHO, 
with evolution of hydrogen. In other respects also G1 resembles Al, 
and doubt existed as to whether its oxide was Gi.Og or GIG. I b is now 
definitely settled that the latter is correct, and the metal is closely 
allied to Mg. Its oxide (GIO) is a white powder, insoluble in water. 
It^ may be prepared by fusing the finely powdered native silicate 
'"wjth four times its weight of fusion mixture, decomposing the mass 
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with HOI, and evaporating to dryness to separ ate the SiO^. Prom the 
HOI filtrate both the Al^O, and GIO are precipitated by ammonium 
hydroxide. On boiling the precipitate, however, for some time 
with ammonium chloride, NHg is evolved, and is dissolved out as 
chloiide, GlOI^, the insolubJe Al2(HO)g remaining behind. The pure 
gelatinous hydroxide, Gl(HO)2, then be precipitated from the 
filtrate by means of ammonium hydroxide. On ignition it yields the 
/white anhydrous oxide, GIO, of specific gravity 3 08. 

Another method is to treat the fused mass with H.^SO^, remove 
the SiOo, and recrystallise the potassium alums thus formed, from 
’ water, that of glucinumi, being much more soluble than the alu- 
minium salt. 

From the oxide the salts may be obtained by dissolving in the 
respective acids. Glucina (beryllia) combines both with acids and 
bases. Its salts are colourless, and of a sweet, slightly astringent 
taste ; they show an acid reaction. 

Dry Reactions. 

Glucinum compounds give no characteristic reactions in the dry 
way. GIG and 00(1103)2 yields a grey mass when heated on char- 
coal. 

Reactions in Solution. 

Use a solution of glucinum sulphate, GISO^. 

The group reagents NH^HO and (NHJgS, as well as the fixed 
caustic alkalies and alkaline eart,l^y bases, precipitate glucinum 
hydroxide, Gl(HO)2 (flocculent), soluble, like A12 (HO)q, in excess of 
the fixed alkalies, but not in NH^OH. On boiling, Gl(HO)2 is 
almost completely reprecipitated from a dilute NaHO or KHO 
solution. (Distinction from AlgOg.) Like Al^Oj, it is reprecipitated 
also on the addition of ammonium chloride. 

(1^114)2003 gives a white precipitate of basic glucinum cai-bonate, 
freely soluble in excess, reprecipitated as basic carbonate or 
boiling. (Distinction from AlgOg.) 

Na2C03 or K2CO3 precipitates likewise white carbbnate, soluble 
only in large excess of the precipitants. 

BaCOg precipitates glucinum completely, even in cold solutions. 

Oxalic acid or the oxalates give no precipitate, this being an 
important distinction between G1 and other metals of the group. 

, Besides these characteristic reactions may be mentioned the 
difficultly soluble double sulphate, K2S04,G1S04 + SOHg, which the 
readily soluble glucinum sulphate forms when mixed with potassium 
sulphate solution. 

Separation of Alf)^ from GIO . — Dissolve in HOI ; pour slowly, 
and with continued stirring, into a warm concentrated solution of 
(NH4)2003. a precipitate forms, consisting of Al2(HO)g, the solution 
containing the glucinum as double carbonate. Neutralise filtra^ 
with HOI ; boil, and add NH^OH. Gl(HO)2 is precipitated. 



36o 


A COURSE OF PRACTICAL CHEMISTRY. 


again the carbonate, from which the various salts may then be 
prepared. 

Alternative 'Method of Sepaj'ation of Cs from Eb. — SnGlj, added to 
a solution of the chlorides of Na, K, Li, Eb, and Os, cootaining free 
HOI, forms a heavy whi^e precipitate, consisting of nearly pure 
caesium stannic chloride, 20s01,Sn0h. By recrystallL^ation from a 
hot hydrochloric acid solution, the crystals are obtained pure. This 
reaction affords an easy method of detecting caesium in a mixture 
of the alkali chlorides. A hydrochloric solution of SbOl.^ acts simi- 
larly, precipitating a crystalline double chloride of OsOhSbOl^. The 
precipitate is decomposed by water, but pan be washed without 
decomposition with concentrated HOI. The other alkali chlorides 
(K, JSTa, and Rb) are not thus precipitated from moderately dilute 
solutions. 

During any process of detecting and separating the metals of this 
group the spectroscope will prove at each stage of great service. 


REACTIONS OF THE RARE METALS OF GROUP III. 

Group III. comprises the rax’e metals uranium, indium, thallium, 
beryllium (glucinum), thoiium, zirconium, cerium, lanthanum, didy- 
mium, titanium, tantalum, niobium (or columbium), yttrium, erbium, 
terbium, samarium, and vanadium. 

As it is extremely difiicult to obtain the salts of these metals in 
a pure state commercially, and the price charged for them puts 
them out of the reach of most students, it will be preferable to 
sketch out briefly how some of their minerals can be made to furnish 
the several salts. 

(A) Rare metals precipitated by the group reagents ammonium 
chloride, hydroxide, and sulphide, in the form of oxides (hydroxides). 

Besides the metals aluminium and chromium, already treated of 
in the main portion of the book, there are ; 

GLUCINUM (beryllium), GU. Atomic weight, 9T. — This metal 
occurs only in a few minerals as a silicate, in phenacite, Gl^SiO,, com- 
bined with aluminium silicate; in beryl, Al^Oa-JlSiO^ + Jl(G10.Si0,), 
and in smaragdite, in euclase, and some other rare metals, such as 
leucophane. 

The metal is obtained, like the metal aluminium, from its 
chloride. It is white, and has a specific gravity of 1*64. It re- 
sembles zinc and aluminium in dissolving in HCl, as well as KHO, 
with evolution of hydrogen. In other respects also G1 resembles Al, 
and doubt existed as to whether its oxide was Gl.Og or GIO. It is now 
definitely settled that the latter is correct, and the metal is closely 
allied to Mg. Its oxide (GIO) is a white powder, insoluble in water. 

fusing the finely powdered native silicate 
'"w|th four times its weight of fusion mixture, decomposing the mass 



APPENDIX I. 


s6i 

with HCl, and evaporating to dryness to separate the SiO^. From the 
HCl filtrate both the Al^Og and GIG are precipitated by ammonium 
hydroxide. On boiling the precipitate, however, for some time 
with ammonium chloride, NHg is evolved, and is dissolved out as 
chloride, GlOlg, the insoluble Al2(HO)e remaining behind. The pure 
gelatinous hydroxide, G](HO)2, can then be precipitated from the 
filtrate by means of ammonium hydroxide. On ignition it yields the 
/white anhydrous oxide, GIO, of specific gravity 3 08. 

Another method is to treat the fused mass with PI2SO4, remove 
the SiOg, and recrystallise the potassium alums thus formed, from 
■ water, that of glucinun\ being much more soluble than the alu- 
minium salt. 

From the oxide the salts may be obtained by dissolving in the 
respective acids. Glucina (beryllia) combines both with acids and 
bases. Its salts are colourless, and of a sweet, slightly astringent 
taste ; they show an acid reaction. 

Dpy Reactions. 

Glucinum compounds give no characteristic reactions in the dry 
way. GIO and OofNOg)^ yields a grey mass when heated on char- 
coal. 

Reactions in Solution. 

Use a solution of glucinum sulphate, GISO4. 

The group reagents NH^HO and as well as the fixed 

caustic alkalies and alkaline earthy bases, precipitate glucinum 
hydroxide, Gl(HO)2 (flocculent), soluble, like Al2(HO),;, in excess of 
the fixed alkalies, but not in NH^OH. On boiling, Gl(HO)2 is 
almost completely reprecipitated from a dilute NaHO or IvHO 
solution. (Distinction from Al^O^.) Like Al^O^, it is reprecipitated 
also on the addition of ammonium chloride. 

(^114)3003 gives a white precipitate of basic glucinum carbonate, 
freely soluble in excess, reprecipitated as basic carbonate or 
boiling. (Distinction from ^l^O.,.) 

Na^OOg or K3CO3 precipitates likewise white carbf)nate, soluble 
only in large excess of the precipitants, 

BaGOg precipitates glucinum completely, even in cold solutions. 

Oxalic acid or the oxalates give no precipitate, this being an 
important distinction between G1 and other metals of the group. 

. Besides these characteristic reactions may be mentioned the 
difficultly soluble double sulphate, K3S04,GIB(>4 + which the 

readily soluble glucinum sulphate forms when mixed with potassium 
sulphate solution. 

Separation of from 010 , — Dissolve in HCl ; pour slowly, 
and with continued stirring, into a warm eoncentrate<l solution of 
(NH4)3C03. a precipitate forms, consisting of A]3(HO)^„ the solution 
containing the glucinum as double carbonate. Neutralise filtratp 
with HOI ; boil, and add NH4OH. (^(HO).^ is precipitated. 
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ZIRCONIUM, Atomic weight, 90*6 ; specific gravity, 4*08. 

— Found as silicate, chiefly in the rare mineral zircon, ZrSiO^j. 
This silicate is not attacked by acids, and the finely divided sub- 
stance must be decomposed by fusion at a high temperature with 
fusion mixture, or, better^, with KHO. The mass is extracted with 
water, evaporated to dryness with HOI, in order to remove SiO^, 
and to decompose the insoluble, sandy-looking disodium zirconat^, 
ZrNa.,03, and is then precipitated with NHpiI. The element' 
itself has been obtained in white, metallic-looking scales by the 
decomposition of the double fluoride of potassium and zirconium, 
2KF,ZrF^, by means of metallic aluminiupn. The element is also 
obtained mixed with MgO, on heating ZrO^ with magnesium powder. 
The hydroxide is white and voluminous, resembling A12 (HO)q, but 
is insoluble in alkalies. It dries up to yellowish, transparent lumps, 
Zr(HO)^, which dissolve readily in acids. On ignition this hydrate 
loses its water, and also undergoes a molecular change, when the 
dioxide, ZiO^, is no longer soluble in dilute acids. 

Zirconic salts, obtained by dissolving the hydroxide in dilute acids, 
are. colourless, and of an astringent taste. 

Dry Reactions. 

Of all the earthy oxides, ZrO^, is the only one which remains 
entirely unaltered when submitted to the action of the oxyhydrogen 
blowpipe. It gives out a very intense and pure light. Moistened 
with Co(]Sr0.j2, and intensely heated, the mass becomes of a dirty 
violet colour. With borax Zrf^^ yields a colourless glass, which 
becomes slightly opaque when cold. 

Reactions in Solution. 

Use a solution of the sulphate, Zr(S04)^, chloride, which may 
be obtained by heating the oxide with ammonium chloride to a high 
temperature. 

The group reagents or NHpH produce a white floccu- 

lent precipitate of the hydroxide, Zt{KO)^, insoluble in excess; 
insoluble also ^n ISTaHO or KHO; soluble in dilute mineral and some 
organic acids if precipitated cold. When precipitated from hot 
solutions the hydroxide is more insoluble (distinction from A1 
and Gl). 

KHO or NaHO, same precipitate, insoluble in excess, not 
dissolved by a boiling solution of NH^Cl (distinction from 
Gl), 

(^^4)36^3 produces a white flocculent precipitate of a basic 
carbonate, readily soluble in excess, reprecipitated on boiling 
(distinction from Al). 

KgC03and Na^COg, same precipitate, redissolving in a large excess 
of KgCOg, especially of KHCO3 (distinction from Al). 

^ BaOOa gives no precipitate in the cold, and precipitates zirconium 
salts imperfectly, even on boiling. 



S6S 


APPENDIX 1. 

Oxalic acid or ammonium oxalate gives a bulky precipitate of 
zirconium oxalate (distinction from A1 and 01), insoluble in 
excess, difficultly soluble in HOI, soluble in excess of ammo- 
nium oxalate (distinction from Th). The normal zirconium 
sulphite does not give the characteristic reaction with oxalic 
acid or ammonium oxalate. 

HF produces no precipitate (distinction from Th and Y). 

i^recipitates zirconium thiosulphate, ZrS.D.^ (distinction 
from Y, Er, and didymium). The separation takes place on 
boiling, even in the presence of 100 parts of water to one of 
ZrO., (distinction from Ce and La). 

Zirconium sulphate, Zn(SOJ^„ forms with potassium sulphate an 
insoluble double sulphate of Zr and K, insoluble in excess of K 2 SO^ 
(distinction from A1 and Gl). When precipitated cold, it dissolves 
readily in a large proportion of HCl, but is almost insoluble in water 
and HCI, when the .K,SO^ is added to a hot solution (distinction 
from Th and Ce). 

Turmeric paper, when dipped into a hydrochloric acid solution of 
a zirconium salt, acquires a brownish red colour after drying in the 
water-bath (distinction from Th). But titanic acid — the only other 
metal whose compounds affects turmeric paper under the same cir- 
cumstances — colours the paper brown, and its presence may there- 
fore prevent the zirconium from being recognised. If the TiO^ be, 
however, first reduced by means of zinc and HCl to the state of 
sesquichloride — the reduction being marked in the solution by a 
change of colour to pale violet or blue — it no longer colours turmeric 
paper, and any change in the colour of the latter is then due to 
zirconium alone. The reaction requires great care, however, as, on 
exposure of the paper to air, the Ti^O^, passing again to the state of 
TiO,j, would in its turn colour the turmeric paper, and thus render 
the observation doubtful. 

The oxide, ZrO^, has been used as a substitute for OaO in the 
oxy hydrogen light and in other gas lights, on account of its greater 
durability and power of incandescence. 

J THORIUM, Th^'". Atomic weight, 232*5. — Found in a few rare 
minerals only — viz,, in thorite (orangite), consisting principally 
of a hydrated silicate, ThSi 04 , 20 H 2 , in monachite, pyrochlor, and 
monazite. 

^ Thorium compounds have now become of very great commercial 
importance, since the oxide forms over 98 per cent, of ordinary 
incandescence gas mantles. Reference is made later (p. 372) to 
methods by which thorium compounds are separated from other 
accompanying elements. It is a very desirable exercise for students 
to effect its separation from the mixture of oxides obtained from a 
few mantles. 

Thorium forms one oxide, ThO^,, which is quite white, and which 
when heated emits practically no light. The hydroxide, Th(OH) 4 , is* 



364 A COURSE OF PRACTICAL CHEMISTRY. 

insoluble in alkalies, and after ignition only soluble with difficulty in 
acids. In the moist condition it is readily soluble. 

Dry Reactions. 

ThO,, when heated before the blowpipe, remains infusible; it 
imparts no tinge to the flame, and gives a colourless borax bead. It 
yields no characteristic reaction with Co(N03)^, when heated therewith. 

Reactions in Solution. 

Thorium sulphate, Th(SO^)2 may be used. 

(NHJ^S or NHpH (group^ reagents) pi^ecipitates the white gela- 
tinous hydroxide, Th(E[0)4, insoluble in excess. 

KHO or JSTaHO, same precipitate, insoluble in excess (distinction 
from A 1 and Gl). 

Ammonium, potassium, and sodium carbonates precipitate white 
basic thoiuum carbonate, readily soluble in excess of the pre- 
cipitants, difficultly soluble in dilute solutions (distinction 
from Al). From a solution in (NHJ2CO3 thorium carbonate 
is reprecipitated, even at 50 ° C. 

BaCOg precipitates thorium salts completely in the cold. 

Oxalic acid produces a white precipitate (distinction from Al 
and Gl), not soluble in excess nor in dilute minei’al acids ; 
soluble in ammonium acetate, containing free acetic acid 
(distinction from Y and Ce). 

HF precipitates gelatinous thorium tetrafluoride, ThP^, which 
becomes pulverulent after some Cme ; the precipitate is insoluble in 
water and in HF (distinction from Al, Gl, Zr, and TiO^). 

Na^SgOg precipitates thorium thiosulphate, Th(Sj,03)^„ mixed with 
sulphur, from neutral or acid solutions. The precipitation is not 
complete (distinction from Y, Er, and Di). 

A boiling concentrated solution of K^SO^ precipitates slowly, but 
completely, the whole of the thorium sulphate as white crystalline 
insoluble potassio-thorium sulphate, K^Th(SO^),^ -h 20H.^ (distinction 
from Al and Gl), soluble with difficulty in cold, and also in hot 
water, readily ron the addition of some HOI. 

KgCrO^, preferably to a solution in chromic acid (the bichromates 
of this and allied metals being very soluble), precipitates on boiling 
Th(Cr04)g.8Hg0 as an orange-yellow precipitate. Oe, La, and didy- 
mium do not readily precipitate, whilst Zr gives a basic chromato. 

Boiling sodium acetate precipitates basic thorium acetate, 
Th(0H3C02)g(0H2)j,. Zirconium also gives a basic acetate, but not Ce., 
La, or didymium. 

Tartaric acid precipitates a basic tartrate, C4H,P7.Th(OH)2. Zr 
gives a similar precipitate, but not Oe, La, or didymium. 

Potassium azoimide (trinitride), which may be prepared by 
neutralising a dilute solution of azoimide with KHO, completely pre- 
cipitates Th on boiling. (Oe, La, and didymium give no precipitate.) 

^ Metanitrobenzoic acid, in solutions free from mineral acids, pre- 
"cipitates Th on boiling as Ceric salts, but not 
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cerous, give a precipitate, and also erbium, but no other members of 
the rare earth groups. 

Water saturated with aniline precipitates from chloride or nitrate 
solutions thorium hydroxide. Oe, La, didymium, Y, Er give no 
precipitate. 


THE EARE EARTHS. 

“ A group of elements is found in certain rare minerals — cerite, 
gadolinite, euxenite, saci^arskite, and a few others. The members of 
this group exhibit close analogies in chemical behaviour, and are 
usually termed metals of the rare earths. It is a matter of great 
difficulty to separate them, and possibly some are not really elements. 
The members of the group, in the order of their atomic weights, 
are : Scandium (Sc), yttrium (Y), lanthanum (La), cerium (Oe), 
praseodymium (Pr) and neodymium (Nd) (forming didymmm), 
samarium (Sa), gadolinium (Gd), erbium (Er), terbium (Tb), and 
ytterbium (Yb), and some others not yet definitely proved as 
individuals. 

SCANDIUM, Sc'''. Atomic weight, 44T. — This earth concen- 
trates in the insoluble basic nitrates on the separation of Yb. Its 
nitrate is next to Yb in difficulty of decomposition by heat, the two 
earths difiering greatly in this respect from Er, Tb, Yt, &c. Yb and 
Sc may be separated by heating th^ir nitrates, or by precipitation of 
scandium potassium sulphate by addition of K^SO^. 80 ^( 804 ) 3 , SK^SO^ 
is quite insoluble, the Yb salt soluble. Sc^Oj is white, specific gravity 
8*864, and resembles MgO or GIO; it is infusible, and not very 
soluble in acids. ^ 

NH 4 OH precipitates Sc(HOj!p insoluble in excess of KHO or 
NH^H. The oxalate is slightly soluble in water, 1 in 1080. 
Other salts are very similar to those of Yb. 

This element is found in a number of rare minerals, as euxenite, 
samarskite, orangite, <fec. - ^ 

YTTRIUM? Y'" (atomic weight, 89*0; specific gravity, 3*8), 
and ERBIUM? Er'" (atomic weight, 166; specific gravity, 4*77). — 
These very rare elements are only found in a few minerals, as ytter- 
bite, or gadolinite, orthite, yttrotantalite, and in monazite,sand, &c. 
^The metals have never been obtained pure. Yttrium and erbium, 
*and possibly terbium, occur together in nature, and closely resemble 
the metals of the cerite group. . They differ from most other earths 
in being completely soluble in acids, even after ignition, and from 
the cerite oxides by not forming an insoluble double sulphate with 
potassium sulphate. In other respects they exhibit almost the same 
behaviour with reagents, and can only be approximately separated 
from each other. Yttrium salts are white. Erbium salts have a 
more or less bright rose tint, crystallise readily, and possess a swSet,-* 
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astringent taste. Anhydrous YOlg is not volatile (distinction from 
chlorides of Al, Glj and Zr). 

(ISrH^)3vS or NPIjOH (§[roup reagents) precipitate the hydroxides, 
insoluble in excess. Large excess of somewhat 

prevents the precipitation of yttrium hydroxide. 

KHO or IsTaHO precipitates white hydroxides, Y(HO)3 • 
Er(HO)3, insoluble in excess (distinction from Al and Gl). 
The precipitation of yttrium by alkali hydroxides is not pre- 
vented by the presence of tartaric acid (distinction from Al, Gl, " 
Th, and Zr), yttrium being slowdy^but completely precipi- 
tated as tartrate. Erbium is not completely precipitated. 

K^CO;^ and Ya^,003 precipitate white carbonates, difficultly 
soluble in excess, more readily soluble in KIIOO.J and in 
ISTHJLCO^ (but not so readily as GICO;^). On boiling the 
whole of the yttria is deposited (distinction of Y from Al, 
Gl, Th, Ge, and Di). NH,01 decomposes Y,(00,),, with 
evolution of and GO., and formation of YGl.j. Satu- 

rated solutions of Y2(G03).5 in (NHj).,GO.{ or Nfr,G6.j have a 
tendency to deposit a double carbonate. 

BaGOy produces with erbium salts no precipitate, either cold 
or when heated ; and yttrium salts are but imperfectly pre- 
cipitated on heating (distinction of Er and Y fx^om Al, Gl, 
Th, Ce, La, Di). 

Oxalic acid pi^oduces a precipitate of white yttrium oxalate, 

+ (distinctjpn of Y from Al and Gl), insoluble 
in excess, difficultly soluble in dilute HOI, and partially 
dissolved by boiling with ammonium oxalate. Erbium salts 
are likewise precipitated as oxalate, En,(Cj,OJ;i+ OOH^, in 
the form of a light rose-coloured, heavy, sandy powder. 

HF precipitates white amorphous hydrated yttidum fluoride, 
insoluble in water and HF; soluble, before ignition, in 
mineral acids; decomposed only by strong H,SO^. (Dis- 
tinction of Y from Al, Gl, Zr, and Ti.) 

A cold safUrated solution of Y2(SO,)3 becomes turbid between 
d0°~40° 0., and on boiling is almost entirely px^ecipitated, 

Er2(SOj3 forms with potassio-erbium sulphate, 

Er,(SO,)3,K3SO,, 

difficultly soluble in cold water when hydrated, but readily soluble^ 
in the anhydrous condition, and on warming. 

Potassium yttidum sulphate dissolves readily in water and in a 
solution of KgSO^. (Distinction of Y and Er and Sm from Zi*, 
and the metals of the cerite group.) 

When erbium nitrate is heated on a platinum wire in a gas 
flame it imparts an intense greenish colour to the flame, which, 
when seen through the spectroscope, shows bright lines in the 
yellow and green, also in the orange and in the blue in an otherwise 
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continuous spectrum. These bright lines coincide with certain black’ 
so-called absorption bands which erbium gives when white light is 
passed through a concentrated solution of its salts. These absorp- 
tion bands are characteristic for erbium, as yttrium solutions show 
none under like circumstances. '* 

In a “radiant matter tube” yttrium compounds give a phospho- 
rescence, the spectrum of which exhibits a number of lines, the 
most striking of which are in the yellow or orange. Although only 
present in small amount in any known mineral. Sir W. Crookes’ 
experiments show that yttria is exceedingly widely distributed in 
nature. 

Separation of Y from Er , — The diderent solubility of the 
nitrates of erbium and yttrium in water has been made available 
for the separation of these two closely allied metals. On heating a 
mixture of their nitrates to incipient decomposition, and dissolving 
the residue in boiling water, the solution deposits on cooling rose- 
red crystals of basic erbium nitrate, whilst the mother-liquor contains 
chiefly yttrium nitrate. By repeating the same process of separa- 
tion many times the earths may be obtained approximately pure by 
finally igniting the nitrates. 

The only reliable method of separation is to fractionally precipi- 
tate and examine each fraction with the spectroscope, or place in a 
vacuum tube through which an induction charge can be sent, and 
the phosphorescent glow, given by many substances, examined by the 
spectroscope, 

TERBIUM, Tb. Atomic weight, l 39 * 2 . — The oxide, Tb203, of this 
metal has been separated from Yt, Er, and Ob in North Cai-olina 
samarskite by converting the oxides of Yt, Er,and Tb into formates, 
and submitting them to fractional crystallisation. The oxide is a 
dark ochre-brown powder. Its salts are isomorphous with those 
of white Yt, didymium, and Er. 

YTTERBIUM, Yb'". Atomic weight, 17 B. — Euxenite is the most 
abundant source of this earth, where it is accompanied by the 
oxides of six or seven closely related 'elements, scandium, samarium, 
&c. Ytterbia has been separated by the very tedious process of 
evaporating the nitrates and heating considerably, whereby basic 
salts insoluble in water are formed, Sc, Th, Di, Er, Y being relatively 
less soluble than ytterbium. The operations have to be repeated 
many times. The pure earth is obtained from the nitrate by addition 
of oxalic acid and igniting the oxalate formed, 

Yb^Og is a heavy, white, infusible powder, easily soluble in 
warm dilute acids. The solutions are colourless. Specific gravity of 
oxide = 9 ’ 175 . Its salts have a sweet taste. The nitrate is scarcely 
decomposed by heating, and remains soluble (characteristic). 

NH4OH precipitates the hydroxide, Yb(HO)3. The sulphate, 
Yb3(SOj3, is soluble in water. The chloride, YOlg.GH^O, wheii 
dissolved ' in water, acts on polarised ’ light. The acid selenite^ 
ybg(Se03)3,H3Se03,40H2, is precipitated from neutral solutions, and 
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is white and insoluble. The oxalate, ¥^(020^.5,10011^, is insoluble 
in dilute acids. 

CERIUM, Oe^ and Atomic weight, 140'42, LANTHANUM, 
La"'. Atomic weight, l38‘9, PRASEODYMIUM, and 
Atomic weight, 140*5. NEODYMIUM, Nd"'. Atomic weight, 
148*6. — These rare metals, with, possibly, samarium, constitute^ 
like Yt, Er, Yb, Sc, and Tb, a group which may conveniently be 
studied together. The most abundant of the few cerium minerals 
is cerite, a hydrated silicate of the three metals Oe, La, and Di, as 
well as of iron and calcium. For method^ of extraction and separa- 
tion see p. 372. 

j CERIUM. Specific gravity ”7*042. Melting-point, 623° (?). — This 
metal exists both in the dyad, pseudo-triad, and tetrad condition. 
Metallic cerium may be obtained by electrolysing the fused chloride 
mixed with 10 per cent, of NaCl + KCl, using a current of 30-40 
amperes at 12-15 volts, also by the aluminium powder reaction. 

The metal, heated to 250-270° in a current of hydrogen, burns, 
forming a hydride, CeH^, stable in dry air ; heated in nitrogen 
to 850°, the nitride, CeN, a brass-yellow substance, is formed. 

It forms the several oxides : 

CeO(?) CegO., Ce^^02 and Oe^O, or CeO,0e2O., (?). 

Oerous oxide. Ceric oxide Ceric Ceroso-ceric oxide, or 

(sesquioxide). dioxide. triceric tetroxide. 

Ceric oxide and ceric dioxide are both capable of combining with 
acids to form two series of salts. The pure oxides may be insoluble 
in HNOg, but in presence of La and didymium soluble complex oxides 
are formed. They are colourless, or slightly arnethyst-red, and acid 
to litmus. Cerous chloride is fusible, but not volatile (distinction 
from Al, Gl, and Zr). Cerous sulphate is not entirely soluble in 
boiling water. 

Cerous chloride may be formed by rapidly heating a mixture of 
the oxide with ammonium chloride to about 800° C. 

Dry Reactions. 

All cerium compounds give with borax, or microcosmic salt, in 
the outer flame, a clear bead, which is dark red while hot (distinction 
from the preceding earths), fainter or nearly colourless on cooling. 
In the inner flame a colourless bead, or, if ceric oxide is present, 
a yellow opaque bead, is obtained. Lanthanum compounds give 
colourless beads, and didymium compounds give with borax colour- 
less, or, if in large quantity, pale rose-coloured beads, in both flames, 
and with microcosmic salt in the reducing flame an amethyst-red 
bead, inclining to violet. 

Reactions in Solution, 

/A) CEROUS COMPOUNDS. — A solution of cerous chloride, Ce^ClQ, 
pr the nitratp, igaay be used. 



APPENDIX I. s 6 g 

Ammonium sulphide (group reagent) throws down the white- 
cerous hydroxide, Gej(HO),,, insoluble in excess. The moist 
hydroxide absorbs oxygen, becoming purple, then yellow. 
On ignition ceric oxide results. 

Ammonium hydroxide precipitates a ’basic salt, insoluble in 
excess ; the presence of tartaric acid prevents the precipita- 
tion by NH.HO (distinction from Y), but not by KHO. 

Excess of IsHjHO, followed by addition of hydrogen peroxide 
, (HjOJ, gives an orange precipitate or coloration, affor ding 
a very delicate test for Ce. 

KHO or NaHO precipitates white cerous hydroxide, insoluble in 
excess, which turns yellow on exposure to the air, or when 
acted upon by oxidising agents, such as chlorine water, 
sodium hypochlorite, &c., being converted into yellow 
hydrated ceroso ceric oxide, Oep^jSH.O (distinction from 
A 1 and Gl). 

K^COg, Na^COg, or (NHJ^^Og, produces a white precipitate of 
cerous carbonate, 003(003)3, sparingly soluble in excess of 
the fixed carbonates, somewhat more soluble in (NHj).,003; 
insoluble in water and 00^ ; decomposed by dilute acids. 

BaOOg precipitates cerium salts slowly, but completely, on 
standing. 

Oxalic acid, or ammonium oxalate, precipitates cerium com- 
pounds completely, even from moderately acid solutions, as a curdy 
white precipitate (turning slowly crystalline) of cerous oxalate, 
002(0304)3,91120, insoluble in excess lof the precipifcants (distinction 
from Zr), but soluble in a large excess of HOI and somewhat soluble 
in ammonium acetate. On ignition cerous oxalate leaves yellowish 
white ceroso-ceric oxide, OogO^, or OeOg (distinction from A 1 and Gl, 
which form soluble oxalates). 

A saturated solution of potassium sulphate produces a white 
crystalline precipitate of potassio-cerous sulphate, SK^SO^jOe., (80^)3, 
even from somewhat acid solutions (distinction from A 1 and Gl) ; 
difficultly soluble in cold water, readily soluble on heating, quite 
insoluble in a saturated solution of (distinction from Y and 

Er) ; soluble in much dilute HCl. With dilute solutions the pre- 
cipitates take some time to form. 

This characteristic precipitate, as well as the easily distinguish- 
able oxalate, and the yellow precipitate of ceroso-ceric oxide — free 
from La and didymium, precipitable in the filtrate as oxalates — 
wjiich oxidising agents produce, serve to distinguish cerium from all 
other metals. 

(B) CERIC COMPOUNDS. — Salts of CeO^, such as the sulphate, 
oxalate, &c., are yellow, and are either difficultly soluble or insoluble 
in water. Dyad (triad) (?) cerium appears, in fact, to give rise 
to more stable compounds ; thus, Ce02, when heated with HCl, 
does not form CeOlp but yields (CeGl„) -h OJo. 

Oxidising agents, such as Cl, passed into a solution of KHO* 

i>4 
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•containing Ce^(HO)e in suspension, sodium hypochlorite, PbO^, 
HNO 3 , HgO, or potassium permanganate, convert cerous into cerfc 
compounds, and furnish methods for the separation of Ce from La 
and didymium. Reducing agents produce the reverse chemical 
action. Cerium resenfbles in this respect iron rather than 
aluminium. 

LANTHANUM. Specific gravity - (M54. Melting-point, 810°.--.^ 
This metal forms only one class of salt, which is colourless when free 
from didymium salts, and possesses a sweet, astringent taste. 

Metallic lanthanum can be obtained ^by the electrolysis of its ' 
fused chloride. When heated in hydrogen to 240° it forms the 
hydride^ LaH.^, which is more stable than GeH^. At a red heat with 
nitrogen it forms the nitride, LaN. 

Lanthanum forms an oxide, La., 03 , and a peroxide, La,,Or + 
nH,0{?). 

Lanthanum oxide is white, and is not altered even by strong 
ignition (distinction from Oe), being still readily soluble in acids. 
Both the oxide and the hydroxide turn red litmus paper blue. By 
fusing LajjO^ with alkali carbonates, or heating with concentrated 
solutions of the hydroxides, lanthanates of the type M^^LaPy are 
formed. La.^O^ decomposes ammonium salts, in solution, on boiling, 
with evolution of FTHj. Lanthanum resembles in this respect 
magnesium. La^O^ slowly evolves oxygen, has basic properties, but 
does not form compounds with acids, as does La/d^. A cold satu- 
rated solution of lanthanum sulphate deposits a portion of the salt 
already at 30® 0. (distinction from Ce). In its reactions lanthanum 
closely resembles cerium. 

Reactions in Solution. 

Use a solution of lanthanum chloride, LaCl,,. 

Ammonium sulphide and hydroxide precipitate basic salts, whicli 
pass milky through the filter on washing. 

KHO or NallO precipitates lauthanum hydroxide, Ln(HO) 3 , 
insokible in excess, unalterable in the air or in the presence 
of oxidising agents (distinction from Ce). 

A mmonium carbonate gives a precipitate which is insoluble in an 
excess of the precipitant (distinction from Ce). 

RgCO-j, Na._,C 03 , BaOO,„ oxalic acid, or potassium sulphate gives 
similar precipitates as with cerium salts. 

When the^ slimy precipitate which a cold dilute solution of 
lanthanum oxide yields on supersaturation with ammonia is washed 
repeatedly with cold water, and a few small crysfcals of iodine added 
to it, a blue coloration is produced, which gradually pervades the 
entire mixture (characteristic for La compounds only). 

PRASEODYMIUM, Pr (atomic weight , 140-5 ; specific gravity, G 475 
melting-point, 940°), and NEODYMIUM, Nd (atomic weight, 148-6 ; 
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specific gravity, G'95G ; melting-point, 840^'), were regarded as the 
one element didymiim^ but Welsbach succeeded in resolving the 
latter into its two constituent elements. Both metals form double 
sulphates with potassium^ that of Xd being^the more soluble in solu- 
tions of KgSO'^, hence affording a basis for their separation. The 
double manganese nitrate, crystallisable from 1*3 sp. gr. nitric acid, 
glso affords a very good method . 

, Praseodymium forms two oxides — Pr^O^, a green substance, from 
which the salts may be derived, and PrO^, which is black, does not . 
yield salts, and behaves generally as a peroxide, evolving oxygen 
' when heated strongly anckCl when heated with HCl. 

Generally the praseodymium salts are green and give green solu- 
tions. Most of them crystallise with several proportions of water of 
crystallisation. The principal simple salts are : PrCl3.7H20, which 
loses water at ordinary temperatures in dry air, forming PrCl^.SH^O 
(this salt, on heating to 185° in a current of dry HCl gas, yields the 
anhydrous chloride as a green liquid); the nitrate, Pr(N03)3.GH20; 
the sulphate, Pr2(vS04)3, with 8 or 5 H^O ; the oxalate, Pr2(0204)3.8H20 ; 
and the carbonate, Prg(003)3.8Hj,0. 

The chloride forms a double salt with PtCl^ — PrC]3,PtC]4.12H20. 

Potassium sulphate forms a heavy crystalline precipitate, 
Pr3(S04)3.3K2S04.H20, very sparingly soluble in water. 

Neodymium forms an oxide, NdgOg, which is a blue powder, and 
possibly one of the composition Nd^Oj. — probably a mixture. The salts 
vary in colour from lilac blue to reddish violet, but the presence of 
traces of Pr salts somewhat affects tl^e colours. 

NdClg.fiHgO consists of rose-coloured crystals, which may be ren- 
dered anhydrous by heating in a current of dry HCl gas. 

The other salts closely resemble those of praseodymium. 

By the electrolysis of the fused chloride (56 amperes at 25 volts) 
the metal is obtained in silvery white form. It decomposes water 
on warming, and is easily attacked by acids. 

Salts of the mixture of praseodymium and neodymium, pre- 
viously known as didymium^ give the following reactions : 

Ammonium sulphide and hydroxide . precipitate % basic salt, 
insoluble in NH^OH, but slightly soluble in NH^Cl, with 
displacement of NH3. 

KHO or NaHO precipitates a gelatinous hydroxide, resembling 
Ah(HO)6, but of a pale rose colour ; it is insoluble in excess, 
and does not alter in the air. 

Alkali carbonates produce a copious precipitate of didymium 
carbonate, insoluble in excess of the precipitants (distinction 
from Oe), but slightly soluble in a concentrated solution of 
NH,Ci. 

BaCOg precipitates didymium compounds slowly (more slowly 
than Ce or La), and never completely. 

Oxalic acid precipitates didymium salts almost completely ; 
ammonium oxalate completely. The precipitate is difficultly soluble 

Tvi Wni Knf. /licfinlvAft ATI 
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A cojQcentrated solution of or, better still, Na^SO^, pre- 

cipitates didymium solutions more slowly and less completely 
than cerous solutions, as a i*ose-white potassio-didymium sulphate, 
slightly soluble in water, less soluble in an excess of the reagent, 
difficultly soluble in hot*H01. 

SAMARIUM, Sa. Atomic weight, loO*?). — The oxide, Sa^O^, has 
been obtained from the salt separated by fractional crystallisation" 
of the double magnesium nitrates from nitric acid of 1*8 sp. gf. 

The chloride has the formula SaCl^.GH^O, but when heated to^ 
in dry HCl gas SaOl,^ is formed. 

The niti'ate, Sa(N03)3.6H20, crystallises in thick orange-coloured 
crystals, which are very hygroscopic. The sulphate has the formula 
Sa,(S 0 j 3 . 8 H 30 . 

GADOLINIUM, Gd. Atomic weight, 15G. — Like Sa, this can be 
separated by fractional crystallisation of the double Mg niti'ates. 
From earths poor in Sa the Gd appears in the last fractions to crys- 
tallise. It can be further purified by fractional precipitation with 
NH.HO. 

Gadolinium oxide, Gd^Og, is a white powder easily soluble in 
water. It absorbs 00^ from the air. 

Gadolinium salts are colourless, give no absorption spectrum, 
and have an astringent taste. 

The chloride, Gd0l3.6H20, combines with PtOl^, forming orange- 
yellow needles, GdClg.PtOl^.lOFTgO. 

Gd(N03)3.r)H20 crystallises out from strong HNO^. 

The sulphate, Gd2(S0j)3.8H.,0, separates as suiali crystals, which 
form a double salt with K^SO^ of the composition 

Gd2(S02)3.E:2S0,.2H20, 

the latter being somewhat soluble in saturated K^vSC), solution. 

separation of metals OF THE RARE EARTHS. 

The separation of these metals in anything like a pure state is a 
very difficult matter. The precipitates obtained must be redissolved 
and reprecipitated many times, since they generally carry down fair 
amounts of other metals which it is not desired shall come down. 
For complete methods students should consult the original papers, 
but a bare outline of processes is given below. 

The silicate must first be decomposed by very finely powdering 
and heating for a long time with concentrated H^SOp evaporating off 
the acid, and heating still further.* is thus rendered insoluble ; 
the sulpliates produced are dissolved in ice-cold water and precipitated 

^ * Another method i.s to mix the finely powdered silicates with sal 

ammoniac and throw into a red-hot crucible. 
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as oxalates by oxalic acid, from which the oxides can then be obtained- 
by ignition. 

Glaser recommends fusion of monazite sand with KHSO^, when 
SiOgand tantalum oxide remain insoluble; titanium is thrown down 
by HgS, and then the hydroxides obtained ’by precipitation. 

A method due to Fresenius and Hintz for the separation (quanti- 
tatively, after obtaining in solution in sulphuric or hydrochloric acid) 
'is as follows : 

, Boil the well-diluted solution with sodium thiosulphate. 



Precijntate is mainly Th(S.20.j).2. Solution. — Contains other metals. 

Well wash and dissolve in dilute and still some Th ( 2 ). 

HCl ( 1 ). Filter from S set free, and The traces of Thmay be removed 

ignite this sulphur to obtain oxides by another precipitation, 
it holds, fusing the residue with Filtrate when free from thorium is 

KHSO4. Dissolve in water, add precijoita ted by NH4HO, dissolved in 

NH4HO, filter, dissolve the precipi- nitMc acid, evaporated, redissolved 

tate in HCl, and mix with the first in w'ater, and warmed with oxalic 

solution, (1). acid. 

The two solutions are largely di- Ce, Y, La, and didymium are 

luted, and again precipitated with precipitated. Heat the oxalates 

Na^S^Oo. strongly, and fuse with KHSO4 to 

I obtain a solution ; precipitate with 

I ■ I NH4HO, filter, and dissolve in HCl ; 

Precipitate is pure Filtrate. — Add nearly neutralise with Xa-^CO^, add 

Th(S20;;).2 from this to (2). excess of acetic acid and then sodium 

which the oxide hypochlorite j boil, 

may be obtained I 

by ignition. j 

Precipitate is Ce02. Filtrate. — Evaporate to dryness, add very 

little water and strong solution of potassium 
sulphate. Allow to stand several hours. 


Precipitate is La and didymium. Solution contains Y. Add NH4HO, filter 

and wash, dissolve in HNO3, and precipitate 
withNH4HOasY(HOb. 

I^a and didymium may be identified by adding KHO to their solution until 
no absorption bands are given by the clear solution. Didymium is precipitated 
together with some La, but the solution can be obtained free from didymium. 

Many methods rely upon fractional ei*ystallisation more than on 
precipitation for effecting the separation of rare earths. "Welsbach 
used the double niti'ates with ammonium nitrate in separating 
praseo- and neo-dymium. Urbani and Lacombe use the double rare 
earth magnesium nitrates, and since Bi Mg nitrate is isomorphous 
with these, it is used as an aid to crystallisation. Samarium is 
found in the earlier fractions and gadolinium in the last, and can , 
be separated by this process, as can also gadolinium and euro- 
pium. 

The doable Mg nitrates may be expected to fractionate in the 
following order : La, Ce, Pr, Nd, Sa, Gd, Y, Er, although each eany 



374 A COURSE OF PRACTICAL CHEMISTRY. 

• fraction will contain two or three metals, but by repetition of the 
crystallisation separation may be ejected. 

Double sulphates with either K or Na are of great service 
Ce, La, and didymium forming double salts insoluble in E SO or 
erbium, ytterbfum, and yttrium yielding soluble sulphates. 

JNormal Na^SO.^ gives quantitative precipitation with trivalent 
cerite earths. Th and Zr in excess of the precipitant ^ive basic 
sulphites, soluble in excess. ' 

Urbani also recommends crystallisation of the double ethvl' 
su phates, formed by adding barium ethyl sulphate to the earthy 
sulpha-te. The yttrium earths may be expected to crystallise in the ' 
rollOTving order ; Yttrium, terbium, holmium, erbium, ytterbium. 

complete precipitation of certain metals with 
diflerent reagents many of them oiganic, such as metanitrobenzoic 
acid tor thorium, or the great variation in solubility of the salts 
ot m-nitrobenzene sulphonic acid ; the selective decomposition of the 
nitrates on heating, followed by extraction of the portion undecom- 
posed, besides many other processes, have been more or less success- 
tully employed. 


TITANIUM, Ti_ and*''. Atomic weight, 48-1.— This, as well as the 
two next following metals (usually treated of in Group III., because 
they are precipitated by the group reagents chloride, sulphide, and 
hydroxide of ammonia), difler entirely from the previously treated 
to^SiO „Jf“^,^“J'ydrides Ti-O,, Ta'-,0„ and 08^,0,, are analogous, 
f f nature either in the uncombined 

state (iiO^), or combined with -Various metallic bases, as titanates 

(“iobates). _ The metal titanium has a 
gre^ affinity for N, with which it combines directly. 

Titanium is found as anhydiide (almost pure) in the minerals 

titlnit *^“0 ®o“bined with bases, chiefly lime, in 

titanite, OaTiSiOj, in titaniferous iron, and in small quantities in 
many iron ores in tire-clays, and generally in silicates (hence its 
ccurrence in b ast-furnace slags, -as cyano- nitride, TiCy^jUTi-N,, in 
bright copper-coloured cubes). ^ ^ 

Titanium^forms several oxides, of which two are known with 
certainty, and one whose existence is probable, viz. : 


TiO 

Titanous oxide 
(probable). 


Aitanic oxide 
(sesquioxide). 


TiO,. 

Titanic anhydride. 


unst.hL t u ^ ^ base, and forming mostly very 

unstable salts, and likewise as an acid, is the only one which is of 
sufficient importance to be studied analytically. ^ 

P"*"® titanic anhydride, finely powdered 
rutile IS fused with .3 parts of K.OO,, the fused ma.4 powdeS aS 
treated with cold water, which removes SiO, and afkali sitLtes 

'S"Thk is wasled‘r?“ ? A fenic 

. 4 * 1 j • shed by decantation or on a filter, with cold water 

«d d..aoIv.d „ „ld dUute HOi. On diluting 3 
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water and heating to boiling, for some time, the whole of the titanium 
is precipitated as metatitanic hydroxide, H^TiOg (Fe being held in 
solution by the acid), which differs from (ortho-) titanic acid in being 
quite insoluble in all acids, except strong sulphuric acid, whilst 
titanic hydroxide (obtained by precipitatio'h with alkalies), of exactly 
the same composition, is readily soluble even in dilute or HCl. 

, The precipitated metatitanic acid is usually tinged yellow, owing to 
some ferric oxide which is carried down with it. It is best, therefore, 
to filter ofi‘, to wash with a solution of ammonium chloride, and 
'redissolve the precipitate in strong After dilution with 

water, it is reprecipitated once more by long-continued boiling, and 
is then all but free from iron. (Method of separation from Al, Gl, 

Y, and Th.) A more expeditious method for separating the iron 
oxide consists in precipitating the two metals from the dilute acid 
solution by means of ammonium sulphide, as FeS a,nd HgTiOg, and 
to treat the precipitate with aqueous sulphurous acid, which dissolves 
the FeS and leaves the pure ortho titanic acid. 

Another method consists in fusing the titanium compound with 
six times its weight of KHSO^, till it yields a clear mass ; dissolve 
in a large quantity of cold water, acidulate with dilute when 

metatitanic acid is precipitated as above. SiO^, if present, is not 
attacked by KHSO^, and remains in the insoluble residue. 

Pure TiOg may also be obtained by fusion with acid potassium 
fluoride, and dissolving the fused mass in dilute HCl. Potassium 
titanic fluoride, K^TiF^, which is difficultly soluble in w^ater (1 part 
requires 96 parts at 14° C.), is collected on a filter and washed with 
cold water, and purified by recrfstallisation from boiling water. 
Its aqueous solution, when precipitated with ammonium hydroxide, 
yields titanic hydroxide, which on ignition is converted with in- 
candescence into pure titanic anhydride — white when only feebly 
ignited, yellowish or brownish when intensely ignited. 

SiOg, or silicates, containing traces of TiOg, may be decomposed 
with HF. must likewise be added in order to prevent 

a portion of the titanium from being volatilised with the 
- SiF,. 

Metallic titanium may be obtained by reduction of the oxide 
in the electric furnace or by the aluminium powder reaction. 
Titanium forms alloys with iron, copper, and other metals. The 
alloys are in some cases very hard, . ductile, and of considerable 
tensile strength. 

Dry Reactions. 

Titanium compounds, when heated on charcoal before the blow- 
pipe, are not reduced to the metallic state (distinction from In), 
Heated in a borax bead (on charcoal), or, better still, in a bead , 
of microcosmic salt, pure TiO^, or a titanite, containing bases which 
do not themselyes colour the borax bead, yields in the outer flame a 
colourless glass, but in the inner flame a glass which is yellow^ while 
hot, but assumes a violet colour on cooling. The reduction is* 
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promoted by the addition of a little zinc or tin. If some PeSO^ be 
added, the bead obtained in the inner flame becomes blood-red. 

Reactions in Solution. 

Use a solution of titaiSic acid in HCl. 

Alkali hydroxides, sulphides, and carbonates, as well as BaCO., 
produce a bulky white precipitate of (ortho-) titanic hy- ' 
droxide, ILTiO,, which is insoluble in an excess of the 
precipitants'. When thrown down in cold solution, and 
washed with cold water, it is readily soluble in dilute HOI,'' 
or in dilute H^SO^. Washing with hot water converts it 
into insoluble metatitanic hydroxide. The presence of 
tartaric acid prevents the precipitation. (Iron, as well as 
Ni, Co, Zn, and U, which are precipitated by ammonium 
sulphide in the presence of tartaric acid and NH^HO (the 
metal Mn is not), may thus be separated from TiO^.) 

K_^FeCy,. produces a dark-brown precipitate. 

Infusion of galls, brownish precipitate, which speedily turns 
orange -red. 

HNa^PO^ throws down the titanic acid almost completely from 
an acid solution as a white gelatinous phosphate, which 
when washed and dried leaves a basic salt, probably 
HTiP0,,H,0. 

Metallic tin or zinc, immersed in a HOI solution of TiO^, evolves 
hydrogen, and reduces the Ti 02 Ti^O^, which gives rise to a pale 
violet or blue coloration, and finfxily throws down a dark violet pre- 
cipitate, which is rapidly oxidised to white TiO^, with decomposition 
of the water, or when exposed to the air. This reaction frequently 
reveals the presence of TiOg in the analysis of iron ores during the 
process of reduction with zinc previous to the estimation of the iron 
by potassium permanganate. 

TANTALUM, TV. Atomic weight, 181. — This metal and colum- 
bium — or niobium, as it is sometimes called — occur only in a few 
minerals, found in a few localities, and then only in small quantities. 
The difficulty of detecting mere traces of them may account for their 
having been oveilooked in others in which they have since been 
found — viz., in tinstone and wolfram. 

In some of the minerals either tantalum or columbium (niobium) 
prevails, such as in tantalite and in columbite (niobite). 

Tantalum and columbium (niobium) exist chiefly in the pentad'^ 
condition, as is evidenced by the composition of their oxides (anhy- 
drides), chlorides (which are volatile and decompose water), fluorides, 
<kc, <kc., viz. : 

Tantalic anhydride, TaoOr,. Chloride, TaOb,. Tluoride, TaFg. 

Columbic „ CbA- » CbCJ,. ,, CbFo, 

A lower oxide, 'Ta^O^, and sulphide, are said to exist. In 

""tantalates and columbates the acids closely resemble arsenic or phos- 
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phoric acid ; they can exist as meta- HTa(Cb)0,, pyro- H,Ta{0b)0-, 
or ortho- H3Ta(0b)O4, tantalic (columbic) acids. * ' 

Tantalic and columhic anhydrides are prepared from tantalites 
or niobites by fusing the finely powdered mineral with three parts of 
HKSO^. The fused mass is extracted witB water, whereby the bases 
are principally removed as sulphates. The residuary Ta.O^ and 
, ObgOg are washed and fused once more with hydrogen potassium 
sulphate, &c. The residue, after having been well washed, is dissolved 
in HF, and a boiling solution of HF,KF gradually added to it. The 
'liquid, on cooling or on concentration, yields a difiieultly soluble potas- 
sium fluo-tantalate, 2Ky,TaF3 (soluble in about 150-200 parts of 
water only), whilst the mother-liquors contain potassium fluo-oxy- 
columbate, 2KF,CbOF3,OH,, which is soluble in 12*4 to 13 parts of 
water (distinction also from titanium, which forms 2KF,TiFj, soluble 
in 96 parts of water). These two salts may be purified by recrystal- 
lisation ; and on decomposing them by heating with tantalic 

and columbic sulphates and potassium sulphate are left ; this latter 
can be boiled out with water. When is expelled from the 

insoluble tantalic or columbic sulphate by strong ignition, or by 
heating in an atmosphere of ammonium carbonate, Ta,0. or Cb O 
is left. » - ^ 0 5 

TANTALUM* — Filaments of this element have recently been intro- 
duced as a substitute for carbon in electric lamps. Heated to a high 
temperature, it does not combine with oxygen if the pressure is less 
than 20 mm. Advantage is taken of this in its preparation, rods of 
the oxide being electrically heated ^ vacuo ^ when oxygen is evolved, 
a rod of the metal remaining. 

Tantalum is remarkably hard, yet at the same time ductile, and 
its melting-point is very high — somewhere about 2250 ° . The red-hot 
metal decomposes water. 

The anhydride, Ta^Og, is a white powder. When strongly ignited 
it turns a pale yellow, without emitting any light, and becomes 
insoluble in HCl or strong (distinction from TiO,). 

Fused with KHO, it is rendered soluble in water ; fused with 
NaHO, it forms chiefly sodium melatantalate, NaTa^^, insoluble in 
excess of NaHO, but soluble in water. When a solution of sodium 
hydroxide is added to this solution sodium tantalate is precipitated. 
Hydrated tantalic acid dissolves in HF, from a concentrated solu- 
tion of which HF precijpitates fine needle-shaped crystals of potassium 
fiuo-tantalate. By prolonged boiling with water this soluble salt 
•changes to an insoluble compound, Ta205(2HF,TaFg), the formation 
of which afibrds the means of detecting the smallest quantity of 
fiuo-tantalate in mother-liquors containing potassium fiuo-oxy- 
columbate (niobate). 

Dry Reactions. 

Microcosmic salt dissolves Ta^Og to a colourless bead in both 
flames, and does not acquire a blood-red tint by the addition, of 
ferrous sulphate (distinction from TiOg). 
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Reactions in Solution. 

Use a solution of KTaO., in water. 

The tantalates of the alkali metals are soluble in water ; all others 
(formed by double decomposition) are insoluble in water and decom- 
posed by acids. 


. HCl precipitates Ta,0. at first, then in excess redissolves it. 

CO, passed through a solution of an alkali tantalate precipitates 
acid, or anhydro-tantalate. 

NH,HO precipitates from a HOI solution tantalic hydroxide, or 
an acid ammonium tantalate; tartaric acid prevents the 
precipitation. ^ 

Ammonium chloride or sulphate precipitates tantalic hydroxide, 

HlaO.j. 

K^PeOy^ gives from acidified solutions a yellowish white precipi- 
tate, which turns brown by the addition of a few drops of 
ammonium hydroxide, and is soluble in larger quantitiel 

KjjFe^Oyjj, a yellow precipitate. 


Infusion of galls, added to an acidified (H,SO, or HOI) solution of 
an alkali tantalate, forms a light yellow precip'itate, soluble in alkalies 
Metallic zinc and HCl do not reduce Ta.jOj, and no blue colora- 
tion (or only a very faint one) is observed (distinction from Ob.,0.). 

COLUMBIUM, Cb (niobium, Nb). Atomic weight, 94. Specific 
faulty, 7-06. Melting-point, 1 950°.— The metal has been obtained 
by electrolysis of its chloride and by reduction of the oxide by the alu- 
minium reaction. It is extremef.y hard, scratching glass. It ignites 
when heated in oxygen to 400°, burning to form the pentoxide. It 
becomes incandescent when heated to 205° in chlorine. It combines 
ene^eticaRy with some metds, ^.^-., platinum, at a high temperature. 

Oolumbic anhydride, Ob,0,,is white, but turns transiently yellow 
when ignited. By strong ignition in hydrogen it is converted into 
^ -j ■ tantalic anhydride, it combines both with bases and 

acids. Concentrated sulphuric acid dissolves columbic anhydride 

the solution remains clear 

on the addition of much water (distinction from Ta.O ). 

„ yielding salts of the ordinary type, the oxide, fused with 

alkalies, m presence of sodium fluoride to act as a flux, yields 
(niobates), such as Ha,O.Cb,0„ 2Ha,0.Ob,O,, and 2(JaO.ObA. 

Dry Reactions. 

Microeosmic salt dissolves 01.^ readily. In the outer flame a 
bead, colourless whilst hot, is obtained ; in the inner flame the bead 
acquires a violet, blue, or brown colour, according to the ouantitv 

rr'- ’Ss 


Reactions in Solution. 

Use an aqueous solution of potassium columbate. 

columbates of the alkalies are nearly insoluble in wafer • all 
. .'othera are insoluble, but are decomposed by acids. ’ 
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Mineral acids, especially sulphuric acid, even at the ordinary 
temperature, precipitate columbic hydroxide, nearly insolu- 
ble in the acid. (The precipitation of tantalic hydroxide 
requires the aid of heat.) 

Oxalic acid does not affect the alkali cblumbates. 

(^^[ 4 ) 2 ® or NHpH precipitates from acidified solutions of Cb, 0 , 
, ’ the hydroxide, containing ammonia, soluble in hydrofluoric 

acid. 

.NH 4 CI precipitates the acid, but only slowly and incompletely, 
more especially if in the presence of alkali carbonates. 

1 ^ 4 ^'^^76 with a solution of an alkali columbate which 

has been acidulated with sulphuric or hydrochloric acid, a 
red precipitate. ^ 

^ bright yellow precipita,te. 

Infusion of galls, an orange-red precipitate. 

A piece of zinc immersed in an acidulated solution forms a 
beautiful blue precipitate, which after a time changes to brown. 
(Tantalates yield none, or only a faint blue colour.) 

Ob forms also CbOl^, ObOOl^ ; the former decomposes CO, to CO. 

KCNS in excess, and then pieces of Zn and strong HCl, Ogives a 
bright golden red colour, affording a delicate test for columbium. 

jRare Metals precipitated hy the Qroap Reagents 

and in the Form of Sulphides. 

URANIUM, Ih', 'h and and pseTido-triad. Atomic weight, 238*5. 
-—Uranium is not a very abundant metal ; it is found principally in 
pitch-blende, which contains from 40 to 90 per cent, of uranoso- 
uranic oxide, UgOg ; in uranium ochre, or sulphate ; and in uranite 
or uranium mica, which is a calcium (cupric) uranic phosphate. In 
small quantities it exists in several i-are minerals, such as euxenite, 
yttrotantalite, <fcc. ’ 

This element has specific gravity =:= 18*7, is a little harder than 
iron, ard about the colour of nickel. 

It is very dilficult to reduce by C or H from itsoxicle, but may 
be obtained by electrolysis of the chloride, or from tfie oxide with 
carbon in the electric furnace. 

The finely divided metal ignites in oxygen at 170°, and also 
combines directly with nitrogen. 

Uranium salts are almost always obtained from pitch-blende. 
'The UgOg therein is associated with sulphur, arsenic, lead, iron, and 
several other metals. The mineral is finely powdered, freed by 
elutriation or washing from the lighter earthy impurities, roasted 
for a short time to remove part of the sulphur and arsenic, then 
dissolved in nitric acid, and the solution evaporated to dryness. * 
The residue is exhausted with water, and the solution filtered 
from a bilck-red residue of ferric oxide, ferric ai*senate, and lead 
sulphate. On evaporation the aqueous solution yields crystals, of 
the nitrate, which by dissolving in ether and setting aside for^ 
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spontaneous evaporation are obtained pure. When recrystallised 
once more from boning water they consist of pure ui'anylic nitrate, 
U02(]Sr03)g,60H2, in which uranyl, acts as a dyad radical. 

Various uranium minerals have been found to contain radiuxn,” 
“ emanium,’’ &c., or radio-active matter. The extraction and con- 
centration of these substances is an extremely tedious process, and 
quite beyond the scope of this book. 

Uranium exists as a dyad and pseudo- triad element. It forms 
with oxygen two salt-foi^ming oxides and several compound oxides : 

Compound oxides. Uranous 

c ^ chloride. 

U, 0 , or UO. or UOI, 

UO, + 2UO3 UO3 -f UO3 

(dark green) (black) 

Uranylic Uranous Uranylic 

chloride. Pentachloride. sulphate. sulphate. 

(UO,)OI, UCl, U(SCJ, uo^so,. 

Uranic oxide in a hydrated state combines both with acids to 
form uranylic salts, and with the oxides of the more electro-positive 
metals to form acid uranates, of the general formula E '2(1)02)2,03, 
analogous to dichromates, disulphates, &c. These are yellow, in- 
soluble in water, but are decomposed by acids. Disodium diuranate 
(uranium yellow) is used as a pigment in glass and porcelain manu- 
factures. 

f 

Dry Reactions. 

Borax and microcosmic salt give with uranium compounds in the 
inner flame of the blowpipe green beads, in the outer flame yellow 
beads, which acquire a yellowish green tint on cooling. The oxides 
of uranium are not reduced by fusion with NagCOg on charcoal. 

Reactions in Solution. 

(A) URANOUS COMPOUNDS. —Use a solution of uranous sulphate, 
^(^^4)^5 prepaired by. dissolving uranoso-uranic oxide in hot oil of 
vitriol, diluting with water and evaporating in vacuo. 

Uranous salts constitute powerful reducing agents. They are 
green, or greenish white, and yield green aqueous solutions. 

(NHJgS forms a black precipitate of uranous sulphide, UB. 

Alkalies throw down red-brown gelatinous uranous hydroxide,- 
U(HO),. 

Alkali carbonates precipitate green uranous hydroxide, soluble 
in excess; especially in excess of ammonium carbonate. 

Uranous salts become oxidised to uranic salts by exposure to 
air, or by treatment with nitric acid, &c. Gold and silver salts ai'e 
speedily reduced by them, and ferric salts are reduced to ferrous 
""salts. 


Uranous 

oxide. 

UO., 


Trioxide. 

UO.. 
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(B) URANIC COMPOUNDS. — Use a solution of uranvlic nitrate, 
U0,(N03),. 

Uranic salts are yellow, they are mostly soluble in water, and 
are reduced to uranous salts by SH, and by alcohol, or ether and in 
sunlight. ' “ 4 

• (^ 1 ^ 4 ) 2 ^ produces in cold solutions a chocolate- brown precipitate of 

* uranylic sulphide, containing also ammonium sulphide and 

water. It is insoluble in yellow ammonium sulphide. On 
warming or boiling the liquid which contains the uranylic 
sulphide, (U 02 )S, suspended in it, the precipitate splits up 
into sulphur anti the black oxide, UO, which is insoluble in 
excess of the sulphide. Uranylic sulphide dissolves readily 
in neutral ammonium carbonate. (Method of separation of 
U from Zn, Mn, and Fe.) 

Alkali hydroxides produce a yellow precipitate, consisting of 
acid uranate of the alkali metal ; insoluble in excess of the 
precipitant ; not precipitated in the presence of tartaric 
acid. 

The ammonium precipitate is soluble in a solution of ammonium 
carbonate, and ammonium sulphide does not precipitate the 
uranium from this solution. 

Alkali carbonates give a light yellow precipitate, consisting (in 
the case of potassium carbonate) of potassio- uranic carbo- 
nate I readily soluble in an excess of the precipitant. By 
treating the liquid with dilute sulphuric acid, as long as 
effervescence takes place pj an acid uranate is precipitated. 
(Method of separation of U from A1 and Fe^'".) 

BaOOy completely precipitates a solution of a uranic salt, even 
in cold solutions. (Separation of CJ from NU, Co", Mn", Fe'', 
and Zn.) 

K^FeCyg produces a reddish brown precipitate, (Most delicate 
special reaction.) 

KgFe^jCyjg produces no change. 

Metallic zinc does not precipitate metallic uranium from its 
I solutions. , 

I 

THALLIUM, Tr and Atomic weight, 204*1.^ — This metal was 
discovered by Crookes in 1861. It occui-s in many kinds of copper 
and iron pyrites, but invariably in very minute quantities ; also in 
many kinds of crude sulphur, in some of the deposits from the flues 
, leading from the pyrites furnaces to the lead chambers of sulphuric 
acid works, and in the deposits in the chambers themselves. It has, 
moreovei^ been found in lepidolite, in preparations of cadmium and 
bismuth, in ores of zinc, mercury, and antimony, in the ashes of 
some plants, and in some saline waters, &c. &c. 

The metal is most economically extracted from thalliferous flue-* 
dust. The dust is stirred up with boiling water, the insoluble 
portion allowed to settle, and the clear supernatant liquid syphoned 
off* On the addition of concentrated hydrochloric acid impure 
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thallious chloride, TlOl, is precipitated. This impure chloride is 
aissoived m concentrated sulphuric acid, evaporated till the hydro- 
chloric acid, as well as the greater portion of the sulphuric acid haq 
been driven ofi; tlien dissolved in boiling water, and a rapid current 
o sulphuretted hy^ogen ^passed through the solution, whereby all 
the metals of the SH, group are precipitated. On now introducing 
plates of zinc into the dilute acid filtrate, spongy metallic thallium 
IS precipitated, which can be readily removed from the zinc and 
watm ™ pressure. It must be preserved under 

1 1 u than lead, and of the same cplour, of .specific gravity 

18. It melts at 290° 0., and may be distilled in hydrogen. The 

^ poisonous, and should not be touched 

with the fingers or be allowed to fly about as dust. 

The salts may be prepared by dissolving the metal in the 
double decomposition of soluble thallium 

T compounds— thallious and thallic 

triad ThusTe haveT**'^ ^ ^ 


Thallious oxide 
Thallious chloride 


T],0 

TlCl 


Thallic oxide 
Thallic chloride 


T1";03 
Troi^, &c., 


together with several intermediate compounds. 

In some of its chemical relations thallium diflfers from all other 
metals. Jt many respects it reCembles the alkali metals, as for 
instance, in forming the readily soluble and highly alkaline thaliious 
oxide and carbonate ; an insoluble double platinum salt, T1 PtOl • 
an alum analogous to ordinary potash alum, Tl.,SO..AI ISO ) O- 
and a series of thallious phosphates analogous to the alkalme phos- 
phates. In most other respects, however, it is more nearly allied to 

resembles ^closely in 

appeaiance, density, melting-point, specific heat, and electric Jon- 
ducfavity, also m forming in.=oluble chlorides and iodides. 

ihallium compounds impart "an intense green colour to the 
blowpipe flame The spectrum of thallium shows one very striking 

bSntt^1g“ gi’een 

Reactions in Solution. 

water, such J the Sate%SphmrpCphatert^^^^^^^ 

Some are difficultly soluble, c.g., the"^ caihonate anHloride Stl a 
few are almost insoluble, e.g., the iodide. They react neu^iS? to 
teUpaper, and possess a slight metallic taste.^ Thallious oxide 
ailA IS colourless and fusible ; it dissolves in water-the sltbn 1 
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colourless, alkaline, caustic, and absorbs carbon dioxide from the air. 

It also dissolves in alcohol. 

Thallious salts are with difficulty converted into thallic salts; 
powerful oxidising agents, such as nitric acid, are without effect on 
them. They require boiling and evapor?tting with aqua regia to 
convert them into the so-called higher stage of activity. 

SH^ does not precipitate strongly acidified thallious solutions 
unless As^Og be present, when a part of the thallium is 

’ carried down with the arsenious sulphide, as a brownish 
red precipitate. Neutral or very slightly acidified solutions 
are incomplete!;^ precipitated by SH^. From acetic acid 
solutions the whole of the thallium is thrown down as black 
thallious sulphide, Tl^S. 

(NHJ^S (group reagent) precipitates the whole of the thallium as 
thallious sulphide, insoluble in ammonium hydroxide, alkali 
sulphides, or potassium cyanide. Readily soluble in dilute 
hydrochloric, sulphuric, or nitric acids, but only slightly 
soluble in acetic acid. When exposed to air thallious sul- 
phide is rapidly converted into thallious sulphate. On 
heating it fuses and volatilises. 

Alkali hydroxides do not precipitate aqueous solutions of thal- 
lious salts. 

Carbonated alkalies produce a precipitate only from concentrated 
solutions, Tl^jOOg being soluble in 20 parts of water. 

HCl or a soluble chloride throws down white thallious chloride, 
TlOl ; the precipitate sub^j^des readily, and is unalterable in 
the air. It is very slightly soluble in boiling water, and 
still less so in hydrochloric acid. 

KI precipitates, even from the most dilute thallious solutions, 
light yellow thallious iodide, Til, which is almost entirely 
insoluble in water, but somewhat more soluble in a solution 
of potassium iodide. This constitutes the most delicate re- 
action for thallious salts. 

K.>Cr04 precipitates yellow thallious chromate, TJ^CrO^, insoluble 
in cold nitric or sulphuric acid. 

PtOl^ precipitates difiicultly soluble, pale orange-coloured thallious 
platinic chloride, 2T101,Pt0l4. ^ 

Zinc precipitates metallic thallium. 

(B) THALLIC COMPOUNDS. — Employ a solution of thallic 
4.>hloride, TIOI5. 

Thallic salts are easily distinguished from thallious salts by 
their behaviour with caustic and carbonated alkalies, which pre- 
cipitate brown gelatinous thallic hydroxide, TiOHO, insoluble in 
excess. , , 1 

Thallic oxide is scarcely acted on by, cold concentrated sulphuric 
acid ; on heating, thallic sulphate, Ti2(S04)3,70H2, is obtained. 
When a solution of thallic sulphate is boiled oxygen is given off, 
and a thalUouS salt left. When treated with HCl thallic oxide * 
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yields the chloride TiOl^ as a white crystalline mass, which on heat- 
ing splits up into TlOl and 01^. 

HCl or a soluble chloride produces no precipitate. 

reduces thallic to thallious salts, with precipitation of 
sulphur. 

HgCgOj produces a white pulverulent precipitate of oxalate. 

HNa^PO^ gives a white gelatinous precipitate. 

H.^AsU^ or a soluble arsenate gives a yellow gelatinous preci- 
pitate. 

K 2 Cr 04 does not precipitate thallic salts. 

KI gives a precipitate of Til and L. ^ 

INDIUM, In^^ and pseudo-triad. Atomic weight, 115. Specific 
gravity, 7*42. Melting-point, 176°. — Has hitherto only been found 
as a rare and insignificant constituent of some zinc ores (zinc-blende 
from Freiberg), in the metallic zinc prepared from these ores, and in 
tungsten. 

Indium is a white, highly lustrous metal resembling platinum, 
soft and ductile. It is not oxidised in the air or in water, but 
heated to a high temperature burns with a blue flame, forming 
In^jO^. Dilute HCl or ILSO^ dissolves it readily, hydrogen being 
given off. Concentrated sulphuric acid dissolves it with evolution of 
SO^. It is readily soluble also in cold dilute nitric acid. The oxide, 
Tn'^gOg, is brown when hot, straw-coloured when cold, and is readily 
reduced when heated on charcoal, or in a current of hydrogen gas. 
A black dioxide, In^^Og, exists likewise. 

The principal salts of indium,' viz., the sulphate, In2(S0.j).j,90H,j, 
the nitrate, In(lsr0g)3, and the chloride, InClg, are freely soluble in 
water. The chloride is volatile and hygroscopic. 

Dry Reactions, 

Indium and its compounds impart to the flame a peculiar bluish 
tinge. When examined with the aid of a spectroscope two charac- 
teristic blue lines can be seen, a bright one in the blue X, and a feebler 
one in the violet X, They are, hovyever, very transient. The sulphide 
gives more persistent lines than the chloride. 

Reactions in Solution. 

A solution of any of the above salts may be used. 

SHjj produces no precipitate in the presence of a strong acid. 
Indium is, however, precipitated like the metal zinc from, 
slightly acid solutions, or in the presence of acetic acid. The 
slimy precipitate of indium sulphide, In^S.^, is of a fine yellow 
colour. 

(NHJ^S produces at first from a solution containing ammonium 
tartrate a white precipitate, said to consist of and 

hydrogen. It turns yellow on the addition of acetic acid. 

^ The sulphide is insoluble in cold, but soluble in the hot 
sulphide, and on cooling it separates again of a white colour, 
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Alkali hydroxides produce a white bulky precipitate of indium 
hydroxide, In(H 0 ) 3 , i*esembling aluminium hydroxide, quite 
insoluble in alkalies. The presence of tartaric acid prevents 
the precipitation. 

Alkali carbonates precipitate white gelatinous carbonate. When 
recently precipitated it is soluble in ammonium carbonate, 
but not in the fixed alkali carbonates. On boiling indium 
carbonate separates again. 

^ BaOO^ precipitates indium salts in the cold as basic salts. (Dis- 
tion from Zn, Mn, Co, Ni, and Ee.) 

HNa.PO^ throws down a bulky white precipitate. 

Alkali oxalates produce a crystalline precipitate. 

Zinc precipitates the metal in the form of white shining 
laminae. 

VANADIUM, 'V " and \ Atomic weight, 51*2; specific gravity = 
5*5. — It oxidises in the air, but resists most acids and alkalies. Occurs 
only in a few rare minerals, principally in vanadite, or lead vanadate 
and oxychloride, Pb^VgClOj^, analogous in composition to pyromor- 
phite, also to a very small extent in many iron ores (clay and pea 
iron ores), and, as Roscoe discovered, in the copper- bearing beds at 
Alderley Edge, and Mottram St. Andrew’s, Cheshire. 

Vanadium has recently been introduced into certain special 
steels, to which it is said to impart great resistance to shock. The 
metal can be obtained in a compact state by the redaction of VDs 
by aluminium powder. 

^ Vanadite, or mottramite, (EbCii) 3 ( VO^ may be made the starting- 
point for preparing the several vanadium" compounds. The mineral 
is dissolved in nitric acid, and the lead and arsenic precipitated by 
SHg, which at the same time reduces the vanadic pentoxide, VgO^. to 
tetroxide, V^O^. The blue filtei^ed solution is then evaporated to dryness, 
and the residue, digested in ammonium hydroxide, when the vanadic 
tetroxide becomes reoxidised into pentoxide. The ammonium vana- 
date can be precipitated as a white powder from this solution by 
introducing a lump of sal ammoniac, being scarcely soluble in a 
saturated solution of this salt. By exposure to a temperature below 
redness in an open crucible ammonia is expelled and V^O^ is left. 

The mineral may also be fused with a mixture of NaHO and 
KNOg, when soluble vanadates are produced, and on saturating the 
clear solution with NH^Ol ammonium metavanadate separates out. 

Vanadium forms several oxides, oxychlorides, chlorides, sulphides, 
which show that the metal is closely allied to the phosphorus and 
arsenic group. Thus : 


Oxides. 

Oxychlorides. Chlorides. 

Sulphides. 

r ^ ' N 

■v.o 





— YGl 

— 

VA (black) 

- voi; 

— 

(blue) 

— vci, 

■V3S, 

m 

VOCI3 — 




25 
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The most important of these compounds is the pentoxide, or 
vanadic anhydride, analogous in composition with phosphoric, arsenic, 
antimonie, tantalic, and columhic anhydrides. It combines in different 
proportions with bases, forming, like the other anhydrides i^ef erred 
to, three series of salts, viz., ortho-, pyro-, and meta- vanadates. 
Fused with Na^COj, it yields sodium orthovanadate, ISTagYO^; but, 
when boiled with a solution of an alkali it forms the meta vanadate, 
the latter class of vanadates being more stable than the ortho salts. 
Alkali vanadates are soluble in water inversely to the quantity of 
free alkali or alkaline salt present. Hence they are precipitated 
from their solutions by excess of alkali, ^or by salts as NH^Cl. 
(Most characteristic reaction.) 

Yanadic anhydride has a reddish yellow colour, and is difficultly 
soluble in water (1000 parts), forming a light yellow solution which 
reddens litmus paper. It dissolves also in the stronger acids to red 
nr yellow solutions, which become frequently decolorised by mere 
boiling. It unites, however, with bases more readily than with acids. 

A sulphuric acid solution of the acid, when considerably diluted 
with water, and treated with zinc or sodium amalgam and warmed 
gently, turns first blue, then green, and finally from lavender to 
violet. The Y^O. becomes reduced to Y^O^ ; and on the addition of 
NH^HO a brown precipitate of the hydroxide of the dioxide (hypo- 
vanadious acid) forms, which absorbs oxygen more rapidly than any 
other known reducing agent, and bleaches organic colouring-matter 
(indigo solution, (fee.) as quickly as chlorine. 

Many organic substances, suck oxalic or tartaric acid, sugar, 
alcohol, reduce vanadic acid, especially in the presence of strong 
mineral acids, to the blue Y^,0,j. The same takes place when or 
SHg is added to its solutions in acid. 

Dry Reactions. 

Borax dissolves Y^O^ to a clear bead, colourless, or, with large 
quantities of the anhydride, yellow, in the outer flame, beautiful 
green in the inner flame. With larger quantities of vanadic acid it 
looks brownish whilst hot, and only turns gi^een on cooling. 

Reactions in'Solution. 

Use a solution of sodium metavanadate, NaYO^. 

Orthovanadates are generally yellow or reddish yellow, both in 
the liquid and solid state. By boiling in water the orthovanadates 
of the alkalies are converted into colourless meta vanadates. On the 
addition of an acid to a solution of neutral or orthovanadate the solu-^ 
tion becomes yellowish red, owing to the formation of anhydro salts. 

Ammonium, barium, and lead metavanadates are but sparingly 
soluble in water. The alkali vanadates are more soluble in pure 
" water than in water containing free alkali or a salt; hence they are 
precipitated in the presence of the latter. All are soluble in nitric 
acid, but insoluble in alcohol. 

(NHJjjB (group reagent) produces a brown coloration in the li((uid, 
and on acidulating with HCl, or, better^ with the 
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soluble ammonium sulpho vanadate is decomposed, and 
brown pentasulphide, mixed with sulphur, is precipi- 

tated ; the liquid at the same time generally acquires a blue 
colour. It dissolves with I'ed-bifown colour in aqueous solu- 
tions of alkali carbonates, hydroxides, and sulph-hydrates. 

If an acidified solution of an alkali vanadate be shaken up 
with ether containing peroxide of hydrogen, the aqueous fluid 
acquires a red-brown colour, like that of ferric acetate, whilst the 
ether remains colourless. This reaction is extremely delicate. 

Tincture of gall-nuis, made by boiling a few gall-nuts in water 
and filtering the solution, gives with traces of a vanadate, such as 
the ammonium or sodium salt, an intense violet-black coloration. 
This strongly coloured liquid can be used as an ink, but is speedily 
spoiled by steel pens. 

Yanadic and chromic acids are the only acids whose salts 
give rise to red-coloured solutions. They are, however, difierently 
affected by reducing agents. 

Many of the elements which are so difficult to reduce to a 
metallic state, such as uranium, vanadium, tungsten, titanium, and 
some of the cerium metals, reduce and melt in the electric furnace. 
They take up carbon, in varying amounts, however, and in some 
cases form definite carbides after the manner of calcium. 

In some cases also these metals can be reduced by heating their 
oxides with finely powdered aluminium. 

^ 

JRechiction of Tiianio^ Yanadic^ Tungstic ^ and Molyhdic Acids hy 
Nascen t Hydrogen — Colours 'produced. 

Zinc with EOl or H^SO^, acids so dilute that evolution of H just 
appreciable. 

TiOy — Yery pale blue or lilac coloration. 

Alkali titanates — Pale violet, rapidly becoming dark blue, 
r M0O3 — Bi’own, soon becoming green. 

J Molybdates — Beddish brown , coloration, then greyish brown 
[ precipitate. » 

{ S|states_ gradually darkening. 

r Yanadic acid — Bequires more acid to be present for reduction — 

I green colours. 

“j Yanadates (over 1 per cent.) — Yiolet, pale blue, greyish blue 
\ colours. 


BEACTIONS OP THE BABE METALS OF GBOUP II. 

Group II. comprises the rare metals precipitated as sulphides by 
SHg from a hydrochloric acid solution, viz. ; 

(A) As sulphides, insoluble in yellow ammoniwn sulphide TaU 
ladium, rhodium, osmium, ruthenium. , 
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These four metals are generally found ssaociated in platinum 
ores, together with iridium, and hence are frequently termed 
platinum metals. Platinum gives a sulphide insoluble in 
and its reactions are given^in detail on p. 220. Iridium sulphides 
differ from the others in being soluble in (jSrH^)^,S (see p P>05). 

The atomic weights and specific gravities of the six platinum 
metals are : 

liu. Kb. Pd. Os. Ir. Pt. 

Atomic weight . . 85*5 103-0 lOO'o 191 193 194 '8 

Specific gravity . . 12*26 12-1 11-9 22*4 22*4 21*5 

It will be noted that three of these metals have only about half 
the density of the remaining three. 

PALLADIUM, Pd" and Atomic weight, lOG-o. — Occurs native 
in platinum ores, principally, however, alloyed with gold and silver, 
in a gold ore found in Brazil. The gold dust is fused together with 
silver, and the granular alloy heated with nitric acid, in which 
silver and palladium only dissolve. On the addition of sodium 
chloride, silver is removed as chloride, and tlie palladium may then 
be precipitated as palladious cyanide by means of mercuric cyanide, 
and the PdCy^ decomposed by ignition. 

The metal resembles platinum, but is somewhat dai’ker in colour. 
Its specific gravity is 31-9. Of all the so-called platinum metals it 
fuses most readily (1587*^). Palladium is sparingly soluble in pure 
nitric acid, but dissolves more reerlily in the red acid. It dissolves 
slightly in boiling concentrated sulphuric acid, and is readily attacked 
by fusing with hydrogen potassium sulphate. The best solvent for 
it, as for most other platinum metals, is aqua regia. The metal 
oxidises when heated in air, the surface becoming coloured from 
films of oxide. It absorbs hydrogen to a large extent, and if heated 
over a spirit lamp or gas flame will even decompose the hydrocarbon 
vapours, carbon being deposited on the metal. Palladium forms 
two distinct sets of oxides and chlorides, in which the metal exists 
either as a dya^ or tetrad, thus : * 

Palladious oxide . . PdO Chlorides . PdOi^ 

Palladio „ . . PdOg „ . PdCl, 

PALLADIOU^^ SALTS. 

The oxide, PdO, is obtained on gently igniting palladious nitrate. 
It is black, and its hydroxide dark brown. Both part with their 
oxygen upon ignition, leaving spongy palladium. The nitrate may 
" be prepared from the metal by dissolving in nitric acid and con- 
: centration over a water-bath. It forms then a brownish red non- 
crystallisable mass. * 

> Palladious salts are mostly soluble in water; they are brown or 
s reddish .bjrown ; their dilute solutions are yellow. 
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Reactions in Solution. 

A solution of palladious nitrate, Pd(]Sr03),, is most easily obtained 
for these reactions, 

« precipitates a brown basic sal<t from solutions containing 

slight excess of acid only. 

, SPIg, or throws down from acid or neutral solutions 

black palladious sulphide, PdS, insoluble in alkali sulphide, 
but soluble in boiling hydrochloric acid, and readily soluble 
in aqua regia. 

KHO, or NaKO, precipitates a. yellowish brown basic salt, soluble 
in excess. 

Soluble carbonates precipitate brown palladious hydroxide, 
Pd(HO)^, soluble in excess, reprecipitated on boiling. 

NH^HO or carbonate produce no precipitate from the nitrate, 
but decolorise the dark brown solution, forming double 
palladammonium salts.^' A somewhat transient blue colour 
is formed by ammonium hydroxide alone. 

HI or soluble iodides give, even in very dilute solutions, a 
black precipitate of palladious iodide, Pdl,, somewhat soluble 
in excess of KI. (Most characteristic reaction for Pd.) It 
seiwes for the detection of iodine in the presence of chlorine 
and bromine. 

HgCy^ gives a yellowish white gelatinous precipitate of PdCy^, 
readily soluble in KCy and in ammonium hydroxide. 
Slightly soluble in HOI. It leaves on ignition spongy 
metallic palladium. (Ch'^racteristic reaction.) 

NH4CI does not readily precipitate palladmm salts. 

KOI precipitates a brownish red octahedral double chloride, 
2K01,Pd0l2, insoluble in absolute alcohol ; soluble in water 
to a dark red fluid, 

NH.tSON gives no precipitate even after the addition of SO^. 
(Distinction from Ou.) 

SnOl^ produces a brownish black precipitate, soluble in HOI to 
an intense green solution. 

An iodine solution stains palladium black, but £as no effect on 
platinum. 

Palladious salts are reduced to the metallic state by phosphorus, 

* Palladium shows a very strong tendency to form compounds containing 
NH2 or (NHy) (?). A great number of these are known. It is a point of 
resemblance of this metal to copper and cobalt and nickel. Undoubtedly 
they are amines — that is, derivatives of ammonia in which one or more 
hydrogen atoms from one or more molecules of NH3 have been replaced by 
the metal. Some of the hydrogen atoms in seem to be decidedly labile. 
The solution in ammonium hydroxide (above) is faintly blue, like copper, but 
fades rapidly, a palladammonium hydroxide, PdN2H6(OH).2, being formed^ 
This forms a series of salts with acids, as PdN2HQ2HCl= NH^HCl 

\ • , 

NH2HCI 
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sulphurous, nitrous and formic acids, metallic zinc or iron, alcohol, 
and other organic compounds. 

Palladious chloride, obtained by dissolving PdS in boiling 1101, is 
precipitated by as flesh-coloured pal lad ammonium chloride, 

Pd(NH 3 )yCl 2 , soluble in esscess to a colourless fluid, from whic^ 
HOI reprecipitates it as a yellow crystalline chloride, identical in' 
composition. 

All palladium compounds are decomposed when ignited. 

PALLADIO SALTS. 

PdOl^ is known only in solution. It is obtained when the metal 
is dissolved in aqua regia or when the oxide, PdO^, is dissolved in 
strong HOI. Pd0]^2]SrHj01 is formed as a bright red almost insoluble 
crystalline powder when NLI^Oi is added to the PdOlj solution and 
boiled, or when a palladious salt, as PdH^O^j, is boiled with HOI and 
NHjOl added. 

!KHO added to the PdOl^ solution or the Pd01^2K01 solution 
and boiled gives a black precipitate of PdO^. In cold solutions 
a brown hydroxide is formed. They both dissolve very slowly in 
HOI, sometimes giving ofl:‘ free chlorine. 

The double chloride above mentioned is probably 

/r 

I 



X 

a 







x^. 

a 


X 



a 


I 

/r 

and a number of amines are no doubt similai-ly constituted. 


CI-NM2 

/ V 

. \ V 

Pd 

Palladic sulpliide also forms double salts with alkali and other 
sulphides. 

Hydrazine (N,H,) salts reduce Pd from acid solutions. 

Potassium nitrite and excess of an alkali liydroxide, at a low 
temperature, form a crystalline precipitate of palladium potassium 
nitrite. 

RHODIUM/ Rh", and also a pseudo-triad. Atomic weight, 
-03*^0.— Found in small quantity in platinum ores, and frequently to 
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< a considei*able extent in platinum residues — that is, the insoluble 
portion after treating the platinum mineral with aqua regia, in 
which it is insoluble. 

It is a whitish grey metal, less ductile than platinum, and scarcely 
softened ’ even in the flame of the O 5 ;yhydrogen blowpipe. The 
specific gravity of unfused rhodium is 10*04-, that of the pure metal, 
. after fusion, 12*1. An alloy of this metal with platinum is employed 
in electric-resistance pyrometers for high, furnace, temperatures. 
Khodium is unalterable in the air at ordinary temperatures, but 
oxidises at a red heat. It also combines with chlorine at a red 
heat. When pure and in a compact state it resists the action 
of the strongest acidS, even of ’aqua regia ; but when alloyed 
with other metals, as with Pb, Bi, Cu, and Pt, it is soluble in 
aqua regia ; when, however, alloyed with Au or Ag it does not 
dissolve. It is oxidised by fusion wuth dry potassium hydroxide and 
nitre. Fusion with hydrogen potassium sulphate converts it into 
soluble potassium rhodic sulphate, ICgRh 2 (SOJg. Mixed with sodium 
chloride and ignited in a current of chlorine, a double chloride of 
sodium and rhodium, 8 NaCl,Eh'" 0 l 3 4 'H 20 , is formed, which is like- 
wise easily soluble in water, forming a rosy red solution. Hydrogen 
is absorbed by rhodium powder even to a greater extent than by 
palladium. This form of the metal also decomposes the vapour of 
several carbon compounds, as ethylene, acetylene, &c. 

Rhodium forms several oxides, chlorides, sulphides, (fee., in which 
the metal exists as a dyad, tetrad (pseudo-triad), or hexad element, 
thus ; 


Rhodious oxide 

Rhodic „ . 

„ dioxide 

Rhodic trioxide (anhydride, acting as a weak acid) . 
„ tetrahydroxide ...... 


Rhodious chloride 
Rhodic chloride 


Chlorides. 

RhCl, . 


or RhgOlg 


RhO 

EhO, 

BhO, 

Bh(dH), 

Sulphides. 


Rhodious sulphide . RhS 
Rhodic „ * . . RhH, 


Rhodium salts are obtained with difficulty, owing to the insolu- 
bility of the metal and its oxide in acids. Their solutions are rose- 
coloured. 


Reactions in Solution. 

Employ a solution of potassio -rhodic sulphate, or of the double 
chloride of sodium and rhodium. 

i 

Soluble sulphides precipitate from a hot solution brown rhodic 
sulphide, Rh^Sg, insoluble in ammonium sulphide, but soluble 
in boiling nitric acid. • * 
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KHO, or NaHO, gives with the chloride a yellowish brown pre- 
cipitate of rhodic hydroxide, Eh,(HO)„, soluble in excess; in 
other rhodic salts this precipitate appears only on boiling 
If the gases produced by the action of HCl on KCIO be 
passed into the alkali solution of Rb3(OH),, a blue colour is 
finally produced, owing to the formation of sodium per- 
rhodate, Na^RhO,. SOj reduces and decoloiises this com- 
pound. 

From a solution of rhodic chloride, KHO, producing at first 
no precipitate, gives on the addition of alcohol a brown 
precipitate of rhodic hydroxide. « 

^ M^OH gives also a yellow iiocculent precipitate, only formed 
however, after some time, soluble in HOI, forming a rhoda- 
mine salt. 

KI produces a slight yellow precipitate. 

Metallic zinc precipitates black metallic rhodium. 

KNOj (potassium nitrite) gives with the chloride an orange-yellow 
precipitate, which is slightly .soluble in water, and only very 
slowly decomposed by strong HCl ; characteristic. 

Rhodium is distinguished from the other platinum metals by its 
insolubility in aqua regia, its solubility in fusing KHSO,, and the 
behaviour of its chloride with KHO and alcohol. 

Rhodium exhibits even a greater power than palladium to form 
amines or rhodium bases. A great number of these have been made 
but there is still no certainty as to their constitution. Some are 
CO ourless, others rosj’-red, and otifars, again, of a more or less marked 
purple colour. 

The following are cited as types only of some of thase : 

Roseo-rhodium chloride = Rb„ 10 NH.,CL(H 0 ) 

I^’^teo „ „ RKlSKH^Cl^. ' 

Purpureo „ „ Cl,(Rh_aoNH3)01,. 

The constitution of the last class may po.ssibly be expressed by : 





> pseudo-triad. Atomic weight, 

osmium iridium in plati- 
.which remains behind undissolved. wh^n tJiA 
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treated with aqua regia, in the form of white, metallic-looking, hard- 
grains. This alloy is attacked by mixing it with common salt, or 
potassium chloride, and exposing it in a glass or porcelain tube to a 
current of moist chlorine gas. Osmic acid is formed, which volati- 
lises below 212 G., and can be condensed^and fixed by passing the 
fumes into a solution of an alkali. (Iridium remains behind in the 
tube as a double chloride, 2KCl,IrCl,. This salt is obtained in 
reddish black regular octahedra by recrystallisation from water.) The 
alkali solution is evaporated with excess of sal ammoniac, and leaves 
nn ignition of the dry residue, and extraction with water, metallic 
osmium, as a black or gi^ey powder, and with metallic lustre. The 
densest metal has a specific gravity of 21*4. Intense white heat 
volatilises the metal, but does not melt it, the melting-point being 
about^ 2500 . The metal is employed in the filament form in 
electric glow lamps in the same manner as carbon. In contact 
with air it burns the more readily the finer the metal is divided, 
and is converted into osmic anhydride, Os'^^0^. Eed fuming nitric 
acid, or aqua^ regia, dissolves osmium likewise, and oxidises it to 
OsO^. Very intensely ignited, osmium is rendered insoluble in acids, 
and has to be fused with nitre and then distilled with nitric acid, 
when OsO^ distils over. 

Osmium combines with oxygen, or chlorine, &c., in several pro- 
portions, thus : 

Osraious oxide . OsO Osmious chloride . . OsCl.^ 

Osmic „ . OS2O3 _ “ 

Osmium dioxide , OsO.2 C^mio tetrachloride . OsCh 

Osmium tetroxide . OsO^ 

The two highest oxides combine with bases, and form osmites and 
uistable osmates. OsO^ is remarkable for its peculiar, exceedingly 
rritating, and offensive odour, resembling that of 01 and I. It 
bttacks the eyes and the air passages, and is excessively poisonous. 

-t is soluble in water, the solution being neutral, and is precipitated 
rom its solutions by all metals, even by mercury and silver, as a 
)lack metallic powder. On heating a mixture of finely divided 
►smium, or of the sulphide, with potassium chloride lu a stream of 
hlorine gas, a double chloride, 0s201g6KCl,30Ii2, is obtained, which ^ 
rystallises from water in dark red-brown regular octahedra. The 
alt is insoluble in alcohol. 

The solution of this double chloride is more stable than that of 
he osmium chlorides, and may conveniently be employed for study- 
Qg the reactions. 

All compounds of osmium yield the metal when ignited in a 
urrent of hydrogen. 

'eaetions in Solution. 

SHg or sulphides give a brownish black sulphide, OsS, which 
only separates when a strong acid is present. The precipi- 
tate is insoluble in ammonium sulphide. 
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Alkalies, or their carbonates, produce a brownish red precipitate of 
hydrated osmic dioxide, Os(HO)^. 

obta?ned'**^*^^ double chloride with Na,,CO„ dark grey OsO., is 

Heated with tannic acid, or alcohol, with addition of HOI the 
cioiible chloride is reduced to the blue osmious chloride, OsCl,. ^ 

A solution which contains osmic acid (and osmate) is remarkable^ 
tor Its great oxidising power. It decolorises indigo solution, separates - 
iodine trom KI, converts alcohol into aldehyde and acetic acid. Sodium 
^Iphite yields a deep violet coloration, and dark blue osmious sulphite" 
Uste0.j, gradually separates. Ferrous sulplfate produces a black pre- " 
cipitate of OsO,. Stannous chloride produces a brown precipitate 
soluble in HCi to a brown fluid. ’ 

_ This metal also forms amine bases, but not quite so markedly as 
IS the case with either Pd or Rh. One has been described by Gibbs 
and Genth as OsO.Ol^N^H,,. The formula given by Claus is 


probably 


O^CIANH, + 2H,0, 


I I 

A/// 

OiS 

c/\ 

d o 

// /y 


weiJht^lOL?’ S! ’<1 •’ ’ ^ pseudo-triad. Atomic 

weight, 101 7.--Eound in small quantity only, in that portion of the 

platinum ores which remains behind after treating with aqua regil It 
hsibfp metal, closely resembling iridium, and very difficultly 

fusible, requiring a temperature' of over 1800°. When heated in the 
air It becomes covered with bluish black ruthenic oxide Ru 0 

Sd^inon^bT^"' “®°l«ble in acids, being’ scarcely 

chlorir! KHO and nitre, or pohissium 

orate, and is converted thereby into potassium ruthenato, K. EuO 

tin'gL fh^skin °’^^“8e-ooloured fluid, which 

/- wxrn wt ^ W^^ck, from separation of black ruthenic oxide Acids 
(HNO,) throw down the black hydroxide. 

in a 'cuLmT nf ignition with potassium chloride 

ruthenic chloriL, yKOI,RRl!.®'“^ converted into potassium 
^ Ruthenium forms se’veral oiides, chlorides, &c., thus : 
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Kuthenious oxide . . RuO 

Rathenic „ . . Ru^Ov, 

Ruthenic dioxide . RuOa*" 

Ruthenic trioxide . RuOg 

(anhydride) 

Ruthenic tetroxide . R11O4 

(per ruthenic anhydride) 

RU2O7 (known only in combination) 

Reactions in Solution. 

A solution of ruthenic chloiide, prepared by dissolving 

iij HOI the ruthenic hydroxide, precipitated by nitric acid from a 
solution of potassium ruthenate, may ^e used. It forms an orange- 
yellow-coloured solution, wliich on heating is resolved into HCl and 
a hydrated oxide. 

SHg produces at first no precipitate, but after some time the fluid 
acquires an azure-blue tint, and deposits brown ruthenic 
sulphide, Ru,,So. This reaction is very delicate and charac- 
teristic. 

(NHJjjS produces a brownish black pi-ecipitate, difficultly soluble 
in excess. 

KHO precipitates black ruthenic hydroxide, Ra,(HO)g, insoluble 
in alkalies, but soluble in acids. 

KCyS produces, in the absence of other platinum metals, after 
some time a red coloration, which gradually changes to 
purple-red, and, upon heating, to a fine violet tint (very 
characteristic). 

Alkali chlorides produce in concentrated solutions crystalline 
glossy violet precipitates of the double chlorides, difficultly 
soluble in water, insoluble in alcohol. They are decomposed 
on boiling with water, with separation of black ruthenious 
oxychloride. 

KHOg forms a double salt, 3KISf02,Ru(N02)3, readily soluble in an 
excess of the alkali nitrite. On the addition of a few drops 
of colourless NH^HS the solution assumes a splendid dark 
red colour, changing to brown, without precipitation of 
sulphide. 

Metallic zinc produces at first a fine azure-blue coloyation (owing 
to the reduction of HugOlg to EuClg), which subsequently 
disappears, ruthenium being deposited in the metallic state. 

(B) As sulphides, soluble in yellow ammonium sulphide : Iridium, 
molybdenum, tellurium, selenium, and germanium. 

IftiDIUM, Ii", and also as a pseudo-triad. Atomic weight, 
193'0. Specific gravity : if melted, about 22 ; if precipitated, 15 to IG. 
— Found in platinum ores alloyed with platinum, chiefly, however, in 
combination with osmium, and left behind as a native alloy in the 
form of very hard, metallic-looking grains when the ore is treated 
with aqua regia. On account of its hardness, and consequent 
re sistance to wear, it is used for protecting the points of gold pens. 

Platinum vessels employed in the refining and concentration t>f 


Ruthenious chloride . . RuCia 

Ruthenic chloride . . RnoClg 

Ruthenic tetrachloride . RuCb 

(known only in combination) 
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are made of an alloy of platinum with indium. Alloys of this 
metal with platinum can also be employed as resistance ’’ pyro- 
meters. 

In this condition, or when reduced at a red heat by hydrogen, 
from any of its compounds, it is insoluble in every acid. Fusion with 
acid potassium sulphate oxidises, but does not dissolve it (distinction 
from Rh). When fused with JSTaHO in a silver crucible with access-of 
air, or with sodium nitrate, it is likewise oxidised, but the compound 
of Ir^O^ and sodium is only slightly soluble in water. By the action' 
of aqua regia the latter is dissolved to a deep black liquid, containing 
the double chloride of iridium and sodium, 2Na(Jl,Ir01j. The same^ 
compound is also obtained when a mixture of the iridium powder and 
dry sodium chloride is heated in a glass or porcelain tube in a cur- 
rent of chlorine gas, and the residue dissolved out with water. 

Iridium forms numerous compounds with oxygen, chlorine, iodine, 
sulphur, &c., in which the metal exists as a dyad, pseudo-triad, tetrad, 
or hexad, as will be seen from the following list : 

Iridious oxide ...... 

Iridic ...... . 

Iridic dioxide (most stable) 

,, hydroxide (bulky, indigo-coloured) . 

,, anhydride (not known in the free 

Sulphides. 

IrS, greyish black. 

Ir.,S 3 , brownish black. , 
IrS,. 

All iridium chlorides are capable of forming crystalline double 
chlorides with the chlorides of the alkali metals. 

Reactions in Solution. 

A solution of the double chloride of sodium and iridium, 
2 (NaCl),IrO] 4 , may conveniently be employed. 

SHg first decolorises the iridium solution, with separation of 
sulphur and reduction of the IrOl^ to Ir^OJ,., and finally 
precipitates brown iridic sulphide, In^S^. 

(NHjjjS produces the same precipitate, readily soluble in excess. 

KHO or NaHO, added in excess, colours the solution greenish, 
and precipitates a little brownish black potassium doubje 
chloride. On heating the liquid with exposure to the air 
it acquires at first a reddish tint, which changes afterwards 
to azure-blue (distinction from Pt), and when evaporated 
^ to dryness and taken up with water a colourless solution 
is obtained, and a blue deposit of iridic dioxide is left 
undissolved. 

KOI precipitates dark brown potassium iridic chloride, 2K01,IrCl4, 

^ insoluble in a concentrated solution of potassium chloride. 


Chlorides. 

i7cC 

ii‘,oi;, 
IrCL. 


srace; 


Iodides. 

Ir.}Ig. 

IrL. 


Oxides. 



Ir(HO),. 

IrO,. 



APPENDIX I. ^^97 

NH4CI throws down from concentrated solutions a dark red* 
'powder, consisting of small octahedral crystals of the ammo- 
nium double chloride, 2NH,01,IrCl4, insoluble in a concen- 
trated solution of the precipitant. 

Eeducing agents, such as potassium nifete, oxalic acid, ferrous 
^ sulphate, stannous chloride, mercurous nitrate, reduce this 
> double salt (as well as the potassium double chloride), espe* 

cially when in hot solutions, to the sesqui salt, e.g . : 

^ . 2 ( 2 KCl,Tr 01 ,) 4 KNO, ^ GKCl,Ir,Cl, + 2 KNO, + ^,03. 

The double chloride ci^stallises ouT) on cooling. 

When Ir(B[ 0 )j is suspended in a solution of potassium nitrite, 
and the solution saturated with sulphurous acid and boiled, with 
renewal of the water, as long as SO^ is given off, the whole of the 
mdium is converted into an insoluble*^ brownish green iridic sulphite 
Ir(S03)2,40H3 (separation from Pt). ’ 

Metallic zinc precipitates black metallic iridium. 

Iridium salts are reduced by alcohol in alkaline solutions to 
iridious compounds. Iridious compounds are soluble in HOI. 

Iridium bases can be formed in a similar manner to those of 
other metals of this class. 

IrN.H^Ol,, 

IrN,H,,SO„ 

Ir,(NH;),,(SO,)3, 

TrOl J-TsTTr chlorine cannot 

^ ^ \ be detected by AgNOg, 

are types of some of these amides. 

Borne of the type Ir2(NH3)g are known. 

MOLYBDENUM, Mo", and 3,lso a pseudo-triad. Atomic 
weight, 96 * 0 . Specific gravity =- 9 - 01 . -—Occurs only in a few mine- 
rals, more especially in molybdic disulphide {molybdenite, Mo^'B.,, 
resembling graphite), and as lead molybdate (wulfenite, or yellow 
lead ore), PbMoO,. 

Molybdic anhydride, M0O3, serves for the preparation of am- 
monium molybdate, a reagent largely used in the analysis of phos- 
phates, and best obtained from molybdenite, by first roasting the 
ore, at a red heat, in an open vessel, and dissolving the impure 
anhydride in strong ammonium hydroxide. An acid ammonium 
molybdate, (NHJ^MogOy -f OH^, crystallises out, on cooling, in large 
transparent crystals. The metal is prepared by intensely heating 
the oxide in a charcoal-lined crucible or by the aluminium reduction 
method. It is a silver-white, brittle, and exceedingly infusible 
metal. It is not affected by exposure to the air, but when heated it 
becomes first brown, then blue, and finally white, passing through , 
various stages of oxidation until it is converted into molybdic anhy- 
dride, M0O3. 

Pure molybdenum files and polishes easily, and may be forged ^ 
hot. It is not attacked by water containing 00 ^ in solution. 
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Like iron, it dissolves carbon up to d per cent., forming a very 
hard compound. 

From an iron-molybdenum alloy dilute acids remove the free 
iron and leave Fe-^Mo^. 

Molybdenum is insoluble in HCl, but is acted upon by 
or aqua regia, being converted into anhydride, if sufficient nitric 
acid be present. 

It forms with oxygen, chlorine, sulphur, &c., compounds in which' 
the metal exists as a dyad, pseudo-triad, tetrad, hexad, and bctad, 
thus : 

^ r 

Oxides. Chlorides. Sulphides. 


Molybdous oxide, MoO 
Molybdic „ Mo^O^ 

= MoO,'MoOo 
M olybdic dioxide, M0O2 

Molybdic trioxide 

or anhydride, MoO;. 


MoClo 

M02CI; 

M0CI4 MoSo (the native molybdenite), 

— MoS;. (sulpbomolybdic anhy- 

— dride). 

M0S4 (per-sulphomolybdic an- 
hydride). 


There is some doubt about some of these oxides. 

The higher oxide (anhydride) and sulphides form oxy and 
sulpho salts — molybdates and sulphomolybdates. Black molybdous 
hydroxide, Mo(HO)2, forms with acids molybdous salts, which absorb 
oxygen readily from the air, and are powerful reducing agents. The 
principal salts are, however, the^molybdates. 

Try Reactions. 

Molybdic anhydride, when heated on charcoal in the outer flame, 
first melts, and is then partly volatilised and forms a yellow crystal- 
line sublimate on the charcoal which turns white on cooling ; in the 
inner flame it is reduced to the metallic state (even without Na^CO.^) ; 
the metal can be obtained as a grey powder on levigating the 
charcoal. With borax all oxides of molybdenum give in the outer 
flame a bead which is yellow wfien hot and colourless on cooling ; in 
the inner flame, a dark brown bead, which is opaque when excess of 
molybdenum has been used. 


Reactions in Solution. 

Employ a solution of ammonium molybdate. 

The alkali molybdates are soluble in water. Most others are 
insoluble. 

Nitric or hydrochloric acid precipitates white molybdic acid, 
H2M0O4, from a concentrated solution of a molybdate; 
soluble, however, in a large excess of the acid. 

SH^ gradually precipitates from acidulated solutions brownish 
black molybdic trisulphide, MoS-j, soluble in alkali sul- 
phides or sulpho salts, which are decomposed again by acids 
with precipitation of M0S3, especially on the application of 
: ; hjeat. On the addition of a little only, the molybdate 
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solution acquires at first a blue tint; added in larger' 
quantities, it produces a precipitate, and the supex^natant 
fluid appears green, till on the addition of excess of 
the. whole of the metal separates, ^though slowly, as a tri- 
sulphide. 

(NHJgS gives a similar precipitate, soluble in excess. 

^ Eeducing agents, such as SnCl^, Hg 2 {N 03 ) 2 , Zn and^HCl, &c., 
produce changes, marked by altei*ations in colour, to lower 
' oxides. 

The principal and most charmUristic reaction for molybdic anhy- 
dride consists, hcTwever, in precipitating it in a nitric acid 
solution, as yellow phospho- molybdate, or arsenio-molybdate, 
by the addition of a mere ti^ace of a soluble phosphate or 
arsenate. 


TELLURIUM, Te", and Atomic weight, 127*6. Melting- 
point, 452-455“ 0. — Occurs native in moderate quantities only 
(graphic and foliated tellurium) ; more often in combination with 
Au, Ag, Bi, Pb, as a (sulpho) telluinde, analogous to sulphides, &c.; 
or as tellurous acid, in combination with metallic bases. 

Tellurium exhibits all the physical properties of a metal, and 
resembles antimony in its general appearance. It is white, brittle, 
and readily fusible, and may be sublimed in a glass tube. When 
heated in the air it burns with a greenish blue flame, emitting 
thick white fumes of tellurous anhydride, TeOg. It is insoluble in 
HCl, but dissolves readily in HNO 3 , forming TeO^jawhite substance 
which fuses to a yellow fluid at a gentle heat, and volatilises on 
stronger ignition in the air. Tellurous anhydride scarcely dissolves 
in water, and the solution does not redden litmus ; readily in HOI, 
less so in HNOg. It also dissolves freely in alkalies, slowly in am- 
monium hydroxide, forming alkali telluidtes. On dilution with water, 
white tellurous acid, H^TeO.^, is precipitated from an acid solution. 
A nitric acid solution slowly deposits ciystalline tellurous anhydride, 
even without the addition of water. 

Tellurium foi*ms several oxides, chlorides, sulphides^ &c., in which 
the metal is a dyad, tetrad, or hexad ; thus : 


Tellurous oxide (anhydride) 
„ acid 

Telluric oxide (anhydride) 

„ acid . 


Tellurous, or dichloidde . 
Telluric, or tetrachloride 


Oxides. 

. twT" 

. HgTeOg 
. TeOg 
. HgTeO^ 


Chlorides. 
. TeOl, 


It also forms with hydrogen a gaseous compound (telluretted 
hydrogen or hydrotelluido acid), TeH^ (analogous with SH^ aifd 
SeH,). 
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Tellurium dissolves in strong sulphuric acid, giving a beautiful 
pink solution. 

Both the di- and tri-oxides are capable of foi^ming with metallic 
substances basic salts called tellurites and tellurates. The alkali 
and alkaline earthy tellurites — formed by fusing tellurous acid with 
the carbonates of these metals — ai‘e all more or less soluble in 
water; all others obtained by double decomposition are insoluble. 
The tellurates of the alkali metals, prepared in like manner, are also 
soluble in water ; the others are insoluble. They can be prepared’ , 
by double decomposition. 

The sulphides of this elenvent act as sulpho acids, forming, with* 
the alkali sulphides, sulpho-tellurites and telliu’ates. 

Dry Reactions. 

When tellurites or tellurates are heated with charcoal and 
KgCOjj they are reduced to potassium telluride, TeKg, which pro- 
duces a black stain on a moist silver plate, and is soluble in water, 
forming a dark red solution. "When HOI is added to this solution 
hydrotelluric acid gas, TeH^,, is evolved, resembling in smell, 
and soluble in water to a pale-red solution, which is decomposed 
in contact with air, with deposition of tellurium. 

All compounds of tellurium are readily reduced on charcoal in 
the inner flame. The reduced element is volatilised and forms a 
white, scarcely visible deposit of tellurous anhydride on the char- 
coal. Stannous chloride colours it black, owing to the separation of 
tellurium. 

With borax or mierocosmic^alt a clear, colourless bead is obtained, 
which, when heated on charcoal, is rendered grey and opaque, owing 
to reduced element. 

Reactions in Solution. 

(A) TELLURIC COMPOUNDS. — Use a solution of potassium 
tell urate, K/TeO^ (obtained by fusing potassium tellurite or tellurium 
with nitre). 

HCl dogs not decompose'' cold solutions of tellurates, but on 
baling chlorine is evolved, and on dilution with water 
tellurous acid, H/reO.{, is pi^eci pita ted, soluble only in a 
considerable excess of HCl. (Distinction of TeO,. from 
TeO,.) 

(B) TELLUROUS COMPOUNDS.—Use a solution of potassium 
tellurite, K^,Te0.j, 

HCl decompoKses this solution and precipitates white tellurous 
acid. Tellurium resembles in this respect Sb and Bi compounds. 

SHj precipitates from acid solutions a brown substance, from 
which the sulphur can be easily extracted, resembling in colour 
SnS, and very freely soluble in ammonium sulphide. 

Reducing agents, e.^., Na^SOg, BnOlj, metallic zinc or magnesium 
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and HCl, a solution of sulphurous acid, reduce tellurium 
compounds and precipitate black tellurium, which is in- 
soluble in an aqueous solution of potassium cyanide. 

SELENIUM, Se", and Varieties a and /3. Atomic weight, 
79*2. )Specific gravity : a = 4*8 ; /3 = 4*2. Melting-point : a == 217 ° 0. ; 

= 125-180^0. Boiling-point - 680°C., about. — Occurs in the 
free state at Culebras, Mexico, in crystals, sometimes called riolite, 
after Del Rio, who discovered it. It is also found in certain iron 
' and copper pyrites, and where these are used for the manufacture of 
sulphuric acid a red deposit of sele'Aium is found in the chambers ; 
consequently it is often found in the sulphuric acid. It is found 
also as selenides of Pb, Ou, Hg, Ag, Ee, &c. Selenium, like sulphur, 
occurs in different allotropic states, amorphous and crystalline. 
The crystalline or a-selenium is insoluble in OS^ ; /3 or amorphous 
selenium is soluble in CS^. 

Selenium conducts electricity slightly ; exposure to light increases 
its conducting power ; when heated its conducting power decreases. 
This remarkable property of selenium may probably be made ifse of 
for photometrical purposes. 

Reactions. 

Heated in air, it burns with a bluish flame and forms selenious 
anhydride, SeO^, whilst at the same time a disagreeable odour is given 
off. The same oxide is formed when selenium is dissolved in nitric 
acid or aqua regia. ^ 

It combines directly with bromine and chlorine, and also when 
heated with iodine, sulphur, phosphorus, and metals. 

It dissolves in strong sulphuric acid, forming a green solution, 
from which water precipitates the element as a red powder. 

Selenites containing selenic anhydride, SeO^, are formed by heat- 
ing selenium or its compounds wdth carbonates and nitrates of the 
alkalies. These oxides form two series of salts, viz., selenites and 
selenates. The selenites are the more stable of the two. 

I)]?y Reactions. 

Selenium compounds are reduced, when heated with Na^COg on 
charcoal, in the inner blowpipe flame, and may be readily recognised 
by a characteristic odour which they give oflf. If the saline residue, 
which contains sodium selenide, Na^Se, be placed on a bright silver 
eoin and moistened with a drop of water, a black stain is produced 
on the silver. Treated with dilute HOI, it evolves gaseous hydro- 
selenic acid (selenietted hydrogen), H,jSe, analogous in composition 
and properties to sulphuretted hydrogen. It is an inflammable, 
f(Btid, poisonous gas, very soluble in water. The aqueous solu- 
tion of H^Se gradually deposits selenium on exposure to air; it 
precipitates selenides from solutions of many metallic salts. 
Selenium cpmpounds impart a bright blue colour to the Bunseci 
flame. 


^2G 
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Reactions in Solution. 

(A) SELENIG COMPOUNDS. — Use a solution of potassium 
selenate, K^.SeO^. 

Selenates are stable^^ salts, closely resembling the sulphates. 
They are soluble in water with the exception of the barium, 
strontium, calcium, and lead salts, which are insoluble in water and 
in dilute acids. 

HGl decomposes selenates on boiling ; chlorine is evolved,, and 
the salt is reduced to a selenite. (Distinction from BeO^.) • 

SHg does not produce a precipitate till the selenate has been 
reduced to selenite by boiling with HOI. 

BaCl., produces a white precipitate of barium selenate, BaSeO.^, 
insoluble in water and in dilute acids ; decomposed by 
boiling with HCl. 

(B) SELENIOUS COMPOUNDS. — Use a solution of an alkali 
selenite. 

The normal alkali selehites are soluble in water, most others 
are insoluble ; nearly all acid selenites are soluble. HOI dissolves 
but does not decompose selenites. 

SH; produces from an acid solution of a selenite a lemon-yellow 
precipitate of selenious sulphide, SeS^, (?), which almost im- 
mediately breaks up into its component elements, Se + By, 
but is readily soluble in ammonium sulphide. 

BaCly gives a white precigitate of barium selenite, BaSeOjj, 
soluble in dilute HOI or HNO^. 

Eeducing agents, such as SO^, alkali sulphites, BnOl^,, metallic 
Zn, and Fe, precipitate selenium fx*om acidulated (HOI) 
solutions, as a red powder, which turns grey at high tem- 
peratures and is soluble in KCy solution. (FeBO^ is without 
action.) Metallic copper is immediately coated black when 
placed in a warm solution containing hydrochloric acid, and 
on standing the solution turns liglit red, from separation of 
amoiyhous selenium. 

Test in — Five parts of the acid when diluted with 

ten parts water, and an equal volume of a saturated solution of SO^ 
added, gives a red precipitate of Se. 

GERMANIUM, Oe'', and Atomic weight, 72-5. Specific gravity, 
5'47. — This metal was discovered by 0. Winckler in argyrodiU, 
which is a sulphogermaniate of silver. 

The metal is silvery white and brittle; it melts at about 900*^ 0., 
and volatilises at a little higher temperature. Dxy chlorine com- 
bines with the metal and forms GeOlp a colourleSvS liquid that boils 
at 86° 0., fumes in the air, and is decomposed by water. H NOjj acts 
on the metal and gives a white oxide ; dissolves it, and by 

evaporation of the solution and ignition of the residue GeO^ is 
obtained ; HOI is without action upon the metal. 
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GeO is a greyish black powder, soluble in HOL This solution, of 
germanous chloride gives a yellow precipitate with alkalies, a white 
precipitate with K^FeCy^, and a reddhh brown precipitate with HgS. 
It reduces permanganates and gold and mercury salts. 

Acid ' solutions of GeO^ give a whiter precipitate of GeS^ by the 
action of SH^. The precipitate is soluble in ammonium sulphide. 


JElEACTIOISrS OF THE EARE METALS OF GROUP I. 

Group I. comprises ^the rare mentals precipitable by HCl — viz., the 
metal tungsten, or wolfram, which is precipitated as tungstic acid, 
H^WO^, and thallium, precipitated asthallous chloride, TlCl. Several 
other metals already treated of in Group III. besides thallium, viz., 
columbium, tantalum, molybdenum, are likewise precipitated, but the 
precipitated acids (HObOg, HTaOg, and H^MoOJ dissolve again in 
an excess of hydrochloric acid. 

TUNGSTEN or WOLFRAM, and Atomic weight, 184.— 
This metal occurs in nature as trioxide combined as tungstates, in 
combination with the bases CaO, FaO, MnO, in the minerals wolfram, 
Fe'\Ca)W 04 , and CaWO^, seheelite, &:c. 

The metal can be obtained by intensely heating the oxide in a 
current of hydrogen, or combined with some carbon by fusion in the 
electric furnace ; also by reduction of tungstic oxide with aluminium 
powder. It forms an iron-grey powder, of specific gravity 19T2, very 
difficultly fusible, and becomes agtKn oxidised to tungstic anhydride, 
WOg, when heated in air. The fused or partly fused product 
obtained by reduction with A1 powder is not oxidised by air. Most 
self -hardening steels, now so largely used, contain a fair propor- 
tion of tungsten. On treatment of these with dilute acids the 
compound FogW remains as an insoluble powder. Dry chlorine gas 
converts tungsten into dark violet WClg, which sublimes, and a more 
volatile red compound, WGl^. Both chlorides are decomposed by water 
into the corresponding hydroxides, ^ith formation of HOI. The metal 
is insoluble, or nearly so, in acids, even in aqua regiar.^ 

The following are some of the more important compounds which 
tungsten forms with oxygen, chlorine, and sulphur : 

Oxides. Chlorides, Sulphides. 

lungstic anhydride (lemon -yellow) . . "WOg WCig WSg 

' Tungstic dioxide (brownish black) . . . WO.j WOh 

Intermediate (blue-coloured) oxide . . W 2 O 5 WCI 3 

=W02,W0g WCh, WClg. 

Tungstic anhydride can be prepared from wolfram or tungsten^ 
by digesting the finely divided mineral in aqua regia, till it is com-* 
pletely decomposed, and evaporating to dryness on a water-bath* 
The metallic chlorides are dissolved out with acidulated water, and 
the residue, which contains a little silica and sometimes coluffibi^ 
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ORGANIC ACIDS, &c. 

All organic acids other than^the hydrocyanic acids contain at 
least one negative group or complex, containing a replaceable 
hydrogen atom, of the form — OO.OH (carboxyl), the molecule of 
OC.OH 

which, I , constitutes oxalic acid, a substance resulting from 
OO.OH 

the oxidation of a large number of organic substances — e.g.^ sugar, 
woody fibre, &e. — by the action of powerful oxidising agents, and is, 
on further oxidation, itself resolved into the products of the final 
oxidation of everything organic, viz., carbon dioxide and water. This 
group, — COOH, is considered to be characteristic of organic acids. 

A high temperature breaks up nearly all salts of organic acids. 
Those of alkali and alkaline earthy bases leave upon gentle ignition 
carbonates, with separation of carbon, and consequent blackening, 
oxalates perhaps excepted. The residue, with the exception of the 
carbon, being soluble in water, indicates that the organic acid was 
combined with alkali metals, an(f if insoluble, with alkaline earthy 
bases. The decomposition is, moreover, accompanied in most in- 
stances by the evolution of volatile matter, of carbon monoxide, 
hydrocarbons, acetone, and other products. Some metallic salts leave 
metal or oxide. 

In the free state organic acids are either volatile, and can be 
distilled or sublimed, generally without undergoing decomposition and 
without leaving any carbonaceous residue — as, for instance, formic, 
acetic, benzoic, and many others.^ Most of these acids can be dis- 
placed from their compounds by mineral acids, as sulphuric. Some 
organic acids are non-volatile, and are decomposed on heating alone, 
leaving generally a residue of carbon. Many of these acids will, 
however, distil in a current of steam without decomposition. Some 
are also more soluble in liquids, as ether, 'chloroform, petroleum, than 
in water, and may be by these means separated. 

H 1 

FORMIC ACID, Q . (^ QXI/ many plants, and can be 

exuded under certain conditions by some animals — for instance, ants. 
^ It can be obtained by the oxidation of methyl alcohol, CH3.OH, by 
platinum black.* The action of glycerine on oxalic acid gives one of 

♦ This method is of interest as showing its constitution and its relation 
^to alcohols and carbinols, of which CH3OH is the simplest, as is formic 
the simplest nrganic or carboxylic acid. 

^ ; ; Theexpenment may be performed in a flask with wide neck. A few 
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the easiest methods of obtaining formic acid in quantity. The reac- 
tion takes place in several stages, glycerol monoformin being one. 
Equal weights of the two substances are heated together in a retort 
to 100° 0., when the formic acid distils over with the water. Dry 
formic acid is a liquid above 8*5° 0. ; it »boils at 99° 0., and has a 
specific gravity of 1*22. It is monobasic. Oxidising agents convert 
♦it into OO 3 andDH^. Its salts give the same reactions. 

Dry Reactions. 

, Formates of the fixed alkalies and alkaline earthy bases, when 
• heated out of contact w;th air, are decomposed into carbonates, and a 
little carbon, with disengagement of combustible gases — mainly car- 
bon monoxide and hydrogen. Formates of the heavy metals give off 
OOg, 00 , and OFO, leaving the metal (generally mixed with a little 
carbon). 

Reactions in Solution. 

TT 

A solution of sodium formate, gives the reactions. 

All formates are soluble in water, lead formate least so ; some 
also in alcohol. 

Formic acid and formates are readily recognised by their pro- 
perty of reducing salts of the noble metals, AuClg, AgNO^, 
Hg^(N 03 ) 2 , or HgOlo, to the metallic state, with evolution of carbon 
dioxide. 

Mercuric chloride solution warmed with a little formic acid or 
formate and HCl gives a white precipitate of FlggOlg — 

2HgCl2 + HOOOH = HggClg + CO^ + 2HC1. 

On boiling, the reaction goes further, and Hg is formed. 

‘This reducing action distinguishes formic acid from acetic acid 
and some of its homologues. 

Potassium permanganate is rapidly deoxidised by formic acid. 

Formic acid or a formate, when heated with a solution of potas- 
sium dichromate and sulphuric acid, is broken up, with evolution 
of 00 ^. 

When heated with concentrated sulphuric acid, Tcjrmic acid and 
formates are broken up into water and cai-bon monoxide, which latter ' 
burns with a blue flame. (Method of preparing carbon monoxide 
gas — see ante^j The mixture does not blacken. 

HOOOH - H 3 O = CO. 

Formic acid may be synthetised by heating carbon monoxide 
and KHO to about 100° C. : KHO +00 — KOOOH ; or moist soda- 
lime to 190-200° ; also from HON by the action of KHO, thus : 


o.c. of methyl alcohol are introduced, and then a red-hot platinum wire* 
spiral lowered into the flask, not touching the alcohol ; the wire continues to 
glow, and some formic aldehyde, HCOH, is first produced. Some of this 
oxidises further, producing HCOOH. The residue in the flask will be found 
to be acid to litmus; ' 
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{!&} - “-“rac '’"I.- 

Formic acid heated with excess of zinc gives GO and H. 

ACETIC ACID, QQ Qjj — Is obtained either by the oxidation of 
alcohol, thus ; 

fCH, . ^ CH 3 Qjj 

tOH.OH + ^2 - OC.OH ^ 

or by the destructive distillation pf vegetable^ substances, especially of 
wood, and organic acids containing much oxygen. The acid can be 
synthetised in several ways — e.g., by the hydrolysis of methylcyanide 
with KHO ; from sodium methyl, OHgONa and CO at 
.ISTaOCCCHg, and others. Chi*omic acid, or permanganate, will oxidise 
alcohol to acetic acid, but in almost every case of oxidation some 
aldehyde is first formed. 

In the ordinary method of preparation the oxidation of the 
alcohol is carried on by the agency of a bacterium, which can func- 
tion in very dilute alcohol solution. It practically conveys atmo- 
spheric oxygen to the alcohol. 

The main source of commercial acetic acid is the liquid distillate 
obtained during wood-charcoal making, the woody matters being 
charred in iron vessels and the volatile matters carefully condensed. 

Pure anhydrous acetic acid boils at 118° 0. This is termed 
glacial acetic acid, and is prepared by decomposing dry sodium- 
acetate (5 parts by weight) with <joncentrated sulphuric acid (C parts 
by weight) and distilling. The crude acid is placed over MnO^, in 
order to remove any SO^, and rectified by distillation over a little 
dry sodium acetate. It easily crystallises when nearly pure. 

Dry Reactions of Acetates. 

Acetates are . decomposed when distilled in a retort or similar 
partially closed vessel, yielding an inflammable volatile liquid, 
acetone, along with water and small amounts of 00 , 00 .,, and some- 
times OH^, &c. 

OH, CITb 

QQQ> Ca = OaCOj + CO 

CH. 

Calcium acetate. Acetone, 

The acetates of the alkalies and alkaline earthy bases, when 
strongly heated in the air, leave a carbonate ; those of the heavy 
, metals leave either a metallic oxide, or the metal itself, mixed with 
carbon. Thus, 

2(AgO,COH3) = 2Ag + (0H3003)30 + 0 ; 

* » Acetic anhydride. 
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is the action with silver acetate. Some acetic anhydride is produced, 
and the oxygen may, instead of coming ofi‘ as such, oxidise some of 
the acetic molecule to CO^ and H^O. 

Heated with alkali hydroxides, dry sodium acetate, and most other 
acetates, give off marsh-gas, or methane, GH^, thus ; 

• OOONa + + OK,. 

The gas can be collected in the usual manner over water, and on 
. applying a light it burns quietly .with an almost non-lumlnous flame 
to water and carbon dio2j^de. It ger^^rally contains a little hydrogen, 
and traces of acetone. 

Reactions in Solution. 

A solution of sodium acetate may be employed. 

All acetates are soluble in water. Silver and mercurous acetates 
are the least soluble. 

On heating a solid acetate (or a concentrated aqueous solution of 
one) with alcohol and concentrated sulphuric acid, acetic ether (ethylic 
acetate), CH30.0.002Hg, is formed, which possesses a fragrant odour. 
The change is expressed thus : 

CH^OOONa + C,H,OH + H,SO, = {q^OC.H + OH,. 

Too much alcohol should be avoided, lest common ether, 0(C2H.)^„ 
be formed, the odour of which would mask that of the acetic ether. 
Excess of sulphuric acid is ad visile. Acetates of a dibasic metal 
likeOa or Ba, when heated alone in a retort or similar closed vessel, 
yield more acetone than an alkali acetate, where much OH^ accom- 
panies the acetone. 

By distilling an acetate with moderately dilute sulphuric acid in 
a retort, free acetic acid is obtained, which is recognised by its 
characteristic pungent odour. Acetic acid is not easily oxidised by 
chromic acid when very pure, or glacial, more easily when dilute, but 
still not rapidly. 

Fe^jOl^ added to a solution of an acetate produces a deep red- 
coloured solution, owing to the formation of ferric* acetate. On 
boiling, the whole of the iron is precipitated as basic ferric acetate, 
in the form of brownish yellow flakes. HH^OH precipitates the iron 
from a solution of ferric acetate as ferric hydroixide. 

Ammonium acetate,' with ammonium hydroxide, dissolves several 
, insoluble sulphates — e.g.^ PbSO^, OaSO^. 

Ammonium acetate on being heated in a retort decomposes, 
giving off water and leaving acetamide, a compound having a 
characteristic odour, something like mice excrement, which con- 
tains it. 

OH3COONH, = H ,0 -1- OH^.GO.NH^. 

Dry acetates heated with arsenious oxide, ASgOg, give cacodyl, 
OH3ASOH3, readily distinguished by its onion-like odour, is^ 
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highly poisonous. This reaction, if performed at all, should only be 
done on the smallest scale. 

A^op'oximate Separation of Acetic Acid from its next higher Uomo- 
logues .^ — Add enough potassium or sodium hydroxide to convert the 
acetic acid into acetate, and distil. The acid containing the least 
number of carbon atoms, being the stronger, is first neutralised, and, 
if sufficient alkali has been added, the distillate is obtained free 
from acetic acid. 

OXALIC ACID, “Dicarboxyl — Exists in rhubarb, 

sorrel, and other plants in the form of ^acid salts, and may be 
obtained by the oxidation of a large number of organic substances — 
sugar, by nitric acid ; or woody fibre, by the action of melted 
caustic alkalies. The free acid is a violent poison. It crystallises in 
rhombic prisms with two molecules of water of crystallisation, which 
it loses when exposed to dry air — t.e., it effloresces and crumbles to a 
powder. With bases it forms an important series of salts, called 
oxalates. The acid being dibasic, two series of salts, neutral and 

acid, 9;nd exist, besides some super acid oxalates. 

Oxalic acid may be looked upon as the hydrate of the unknown 
oxide of carbon, O^Og. An oxide of this composition has recently 
been, obtained. 

Dry Reactions. 

Oxalic acid when heated by itself loses its crystal water, and 
then sublimes for the most part^unchanged ; a portion of it breaks 
up into 00, COg, and some formic acid. Oxalates yield, upon ignition, 
different products of decomposition, according to the nature of the 
base contained therein. 

Alkali oxalates leave a carbonate, with slight blackening, and 
give off carbon monoxide. 

Alkaline earthy oxalates leave a carbonate, together with some 
caustic base, if a strong heat be applied, and give off CO and COg. 

Oxalates containing metallic bases which do not form carbonates, 
or the carbonates of which are decomposed by heat, break up into 
metallic oxides, and give off equal volumes of 00 and 00^, or into 
metal — as, for instance, silver oxalate, which gives oft' OOg. 

Heated with strong HgB 04 , oxalates and the acid decompose into 
COg and 00, which escape together. 

Reactions in Solution. 

Use a solution of ammonium oxalate. 

Beside the alkali normal oxalates very few are soluble in water. 
Mineral acids dissolve the insoluble oxalates by forming perhaps acid 
-oxalates. 

* Homologues of acetic acid are propionic, OHjiCHyCOOH butyric 
CH3CH.2OH2COOH, and so on. They differ from acetic by containing nCB^ 
jjaorp in the molecule. Otherwise their basicity and general properties are 
very much the same, 
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Any soluble calcium salt precipitates even from very dilute solu^ 
tions white pulverulent calcium oxalate, readily soluble in hydro- 
chloric or nitric acid ; almost insoluble in oxalic or acetic acid, and in 
potassium or ammonium hydroxide. Heat promotes the precipita- 
tion from very dilute solutions. This constitutes one of the most 
cjelicate reactions for oxalic acid. 

» BaOlg gives from solutions of neutral oxalates a white precipitate 
of barium oxalate, soluble in oxalic acid, readily soluble in hydro- 
chloric or nitric acid. 

AgNOg produces a white precipitate of silver oxalate, 
COOAg ^ 

I , soluble in dilute nitric acid, and in ammonium hydroxide. 

COOAg 

, Concentrated sulphuric acid decomposes oxalic acid or oxalates, 
on warming only, into CO and CO^, without blackening, by with- 
drawing from, the molecule of oxatyl a molecule of OH,. The 
gaseous mixture is passed through a wash-bottle containing sodium 
hydroxide or lime-water, and the carbon monoxide gas collected over 
water. (Usual method for preparing carbon monoxide.) 

Oxalic acid or oxalates in the presence of free mineral acids act 
as reducing agents. 

Treat a little black oxide of manganese and oxalic acid, or an 
oxalate, with a few drops of concentrated sulphuric acid. Effer- 
vescence ensues. The gas which escapes is carbon dioxide, resulting 
from this reaction : 

MnO, + + 2H,SO, = 20), + MnSO, + K,SO, + 20H,. 

, A solution of gold is reduced to metallic gold, thus : 

2 AUOI 3 + = 600, + An, + 6HC1. 

Potassium permanganate is speedily reduced (decolorised). The 
free acid dissolves in alcohol, both hot and cold, but not in chloroform 
or benzene. 

Some of the ceidte metals, as cerium, lanthanum, didymium, give 
oxalates insoluble in moderately strong HOI. 

00. OH 

TARTARIC ACID, dibasic. It is found 

OCOH 

in grapes, tamarinds, pine-apples, and several other fruits in the 
form of hydrogen potassium tartrate. The acid met with in com- 
merce is prepared from the tartar or argol, an impure hydrogen 
potassium tartrate, deposited from the grape juice during fermenta-^ 
tion. The acid forms colourless transparent crystals, very soluble in 
water, both hot and cold, and soluble also in alcohol. The aqueous 
solution undergoes gradual decomposition. There are five modifica- 
tions of tartaric acid, due to structural differences in the molecule. 
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Dry Reactions. 

Tartai’ic acid is decomposed by beat, giving off an odour resembling 
that of burnt sugar (caramel), and leaving a residue of carbon. 
Alkali tartrates when heated in a test-tube are decomposed, with 
evolution of iiiflammable^gases, leaving a mixture of finely divided 
charcoal and carbonate (black flux), from which the carbonate may 
be extracted by water. The carbonaceous residue left upon igniting^ 
alkaline earthy tartrates contains an insoluble carbonate, and efier- 
vesces when treated with dilute hydrochloric acid. Tartrates of, the 
heavy metals also undergo decomposition, accompanied by the- 
characteristic odour of burnt sugar, and l(^ve much carbon mixed 
with metallic oxide or metal. 

Reactions in Solution. 

Use a solution of tartaric acid, and for some reactions a solution 
of a normal salt, as Rochelle salt, potassium sodium tartrate. 

The alkali tartrates are soluble in water, the acid salts less so 
than the neutral tartrates. The normal tartrates of the alkaline 
earthy bases, of the earths and heavy metals, are difficultly soluble 
in water, but dissolve readily in dilute tartaric acid. Alkalies fail to 
precipitate double tartrates containing an alkali and metallic base. 
Hence the presence of tartaric acid serves to prevent the precipita- 
tion of Yefl,, CrA, ZnO, NiO, CoO, MnO, CuO, PbO, BiA, BtO,, 
or CdO, whilst some other substance, e.g., phosphoric acid, if present, 
may be precipitated from an alkaline solution. 

KOI (or other potassium salt, especially a veiy soluble one) produces 
in a solution of free tartaric acid ^.heavy white crystalline precipitate 
of hydrogen potassium tartrate, readily soluble in mineral acids and in 
alkalies and alkali carbonates, insoluble in acetic acid. The precipi- 
tation is accelerated by agitation and by allowing to stand for some 
hours. Alkalies dissolve the precipitate, forming a normal tartrate, 
soluble in water, from which acetic acid reprecipitates the acid salt. 

Ca(HO)2 added in excess to free tartaric acid precipitates white 
calcium tai’trate. 

OaClg (but not CaSO^, except on long standing) precipitates from 
a solution of a^ normal tartrate "white calcium tartrate, soluble in 
acids, even tartaric acid, in ammonium salts, but not in ammonium 
hydroxide. The precipitate, especially as long as it is amorphous, 
recently precipitated, is soluble in cold potassium or sodium hydroxide, 
when nearly free from carbonate, but is reprecipitated on boiling as 
a gelatinous mass which redissolves on cooling. 

AgNOy produces from a solution of a normal tartrate (e.g., 
Rochelle salt) in the cold a white curdy precipitate of silver tartrate. 
On fi.ltering and dissolving some of the precipitate off the filter with 
a little dilute ammonium hydroxide, and heating the solution in a 
clean test-tube or flask during ten or twenty minutes, in water, 
"heated to about C., the glass becomes coated with a fine silver 
mirror.* (Characteristic reaction for tartaric acid.) 

* The presence of a little free i?aHO or EHO accelerates the formation of 
, the silver mirror. 
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Lead acetate gives a white crystalline precipitate of lead tartrate 
from solutions of tartaric acid or its soluble salts. The precipitate 
is soluble in nitric acid and in ammonium hydroxide; the latter giving 
rise to the formation of lead ammonium tartrate, which cannot be 
precipitated by ammonium hydroxide. ' 

Tartaric acid and ammonium hydroxide dissolve lead sulphate. 

^ ’ Concentrated' decomposes tartaric acid, or a tartrate, on 

, ’heating, with evolution of CO.,, and CO, and separation of carbon. 

' " OH 

CITRIC ACID, HC CO OH* — Tribas^c. — Obtained from orange or 
H^dcO.OH 

lemon juice; Found also in many other fruits. It forms colourless 
prismatic crystals, which possess a pure and agreeable acid taste. 
They dissolve in cold and hot water, and in alcohol. The aqueous 
solution undergoes decomposition after a time. The citrates are 
very numerous, the acid forming, like phosphoric acid, three classes 
of salts b}^ the replacement of one, two, or three atoms of hydrogen 
by an equivalent amount of a metal. There are no absolutely in- 
soluble citrates. 

Dry Reactions, 

On heating citric acid, it loses first its water of crystallisation, 
then fuses, and is decomposed with disengagement of pungent and 
irritating acid fumes into aconitic acid, and finally to citraconic 
anhydride, leaving a less abundant carbonaceous residue than tartaric 
acid. Alkali and alkaline earthy citrates leave a carbonate upon 
ignition. 

Reactions in Solution. 

Use a solution of citric acid in water, or a solution of a normal 
alkali citrate. 

Potassium salts give no precipitate. 

Ca(HO )2 gives no precipitate from a cold solution of citric acid, 
or of a neutral citrate ; but on heating a white precipitate of cal- 
cium citrate is obtained. (Distinction between tartaric and citric 
acid.) When both citric and tartaric acid are present the precipi- 
tate produced by Ca(HO )2 or CaOl^ in the cold solution is filtered off, 
and the clear filtrate boiled, when a further precipitate indicates 
citric acid. 

CaCl^ produces at first no precipitate in a cold aqueous solution 
of citric acid^ or a soluble citrate ; but on standing precipitation 
takes place, and is all but completed, even in the cold, after 
twenty-four hours. On boiling a white precipitate of calcium citrate 
is obtained if the solution be neutral, or if it contain an excess of 
lime-water or ammonium hydroxide. This precipitate is insoluble in 
sodium or potassium hydroxide, but soluble both in ammonium salts 
and in acids. ^ 
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Silver nitrate dissolved in ammonium hydroxide does not form a 
mirror upon heating, but a black deposit takes place after boiling 
for some time. Citric acid, like tartaric acid, prevents the precipi- 
tation of certain oxides, especially of Al^O^, of Groups II. and 

III. and some phosphates by caustic alkalies, on account of the for- 
mation of soluble double citrates, containing an alkali base and a 
heavy metal. ' 

Concentrated sulphuric acid decomposes citric acid or citrates' 
slowly. On cautiously applying heat CO and CO^ escape, at first 
without any blackening of the liquid, but on boiling for some time 
SO 2 is evolved and carbon sep^ates. ^ 

rcooH 

SUCCINIC ACID, 0, . — This acid is an ethylene . dicarboxylic 

[COOH 

acid, and may be made from ethylene, C^Hp through the bro- 
mide, CgH^Br^, and cyanide, 02 ll 4 ( 0 N) 2 , and hydrolysis of this. 
It is obtained by the distillation of amber, of fossil resin, and also 
by the long- continued action of nitric acid upon butyric, stearic, or 
margaric acids, by fermentation of sugar, malic acid, glycerine, &c. 
The acid crystallises in white plates, is readily soluble in water, 
alcohol, and ether, and is not acted upon by boiling nitric acid. 
Heated in a tube open at both ends, it sublimes in silky needles. 
Heated upon platinum foil, it burns with a blue flame and without 
smoke. It melts at 180^ 0., but gives oflf fumes at 130“ C. At 
235“ 0. it boils and forms the anhydride. 

Succinates are decomposed r^on ignition ; the alkali and alkaline 
earthy succinates leave a carbonate mixed with carbon. 

Most succinates are soluble in water. 

Lead acetate gives a white precipitate of neutral lead succinate, 
[ C0--0 

-ICoH^Pb, which is rendered basic by treatment with ammonium 
[CO— 0 
hydroxide. 

Fe,,Cl<. produces from a solution of neutral ammonium succinate 
a brownish r<^d, voluminous pfecipitate of basic ferric succinate, 
(CjHpj^Fejj'Fep.p readily soluble in mineral acids. NH.pH renders 
the precipitate darker by withdrawing a quantity of saccinic acid as 
ammonium succinate, leaving a more basic succinate. (This reaction 
serves for the separation of Mn'' from Fe"',) 

On boiling the precipitate produced by ferric chloride from a 
solution of a succinate or benzoate, with ammonium hydroxide, 
soluble ammonium salts of these acids are obtained, which can be 
separated by filtration from the insoluble residue. On the addition 
of alcohol and BaCI^ to the ammoniacal solution, a white precipitate 
of barium succinate is obtained, whilst benzoic acid gives no precipi- 
tate (distinction between benzoic and succinic acids). 

Succinic acid is insoluble in chloroform. Benzoic is soluble. 
Magnesium benzoate is also soluble in alcohol, but the corresponding 
succinate is not. 
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BENZOIC ACID, 0 ^.H^.OO.Ori. — Is found in many gums and 
balsams, from which it is obtained by sublimation. Heated in a 
tube open at both ends, the acid sublimes in long needles, giving off 
a pleasant smelling but irritating vapour. Heated on platinum foil, 
benzoic acid burns with a luminous, smoky flame. 

The acid is^very slightly soluble in cold water, 200 parts cold, 
’12 parts boiling. It is readily soluble in alcohol, ether, &c. Ben- 
zoates of tetrad metals are mostly insoluble in water : all others are 
soluble. 

FeoClg gives a pale yellow precipitate of basic ferric benzoate, 
(C( 5 H 5002 )gFe 2 .FeP 3 -f l^OH^ ; and ^immonium benzoate is employed 
sometimes for the separation of Fe'" from Mn". 

On distilling benzoic acid or benzoates with lime or baryta, 
benzene, C*Hg, is obtained — 

(oaoH + 

which may be made into niti*obenzene by HNO^, and this into aniline. 
(See Benzene.”) 

Dilute acids precipitate benzoic acid from aqueous solutions of 
benzoates ; dilute nitric acid is without action upon the acid itself. 

Heated with concentrated sulphuric acid, benzoic acid does not 
blacken, neither does it evolve SO^. 

Vapour of benzoic acid passed over heated zinc dust in a tube 
gives odour of bitter almonds, benzoic aldehyde, OgHg.COH. Also 
when a solution of a benzoate is acidified with H^SO^ and a piece of 
Mg immersed therein the same odour is produced. 

Benzoic acid is phenyl ” formic acid. OgH. functions in the 
place of H in formic acid. 

OH 

SALICYLIC ACID, OgH/QQQjg-, exists in nature in combination 

with methyl alcohol in oil of winter-green {Gcmltheria fvociimhmi)^ 
and in saligenin, contained in willow-bark, &c. It may also be 
formed by heating the ortho-haloM benzoic acids with KHO. 

CgH^.Br.COOH + 3KHO = 0,HX0K)000K + KBr 2H,0. * 

It is made on a large scale by Kolbe’s reaction — that is, heating 
sodium phenol in OOjj to 190° 0. Phenol distils, and sodium salicy- 
late remains in the retort. 

2(0,H,.0Na) + CO, - CgH,OHaCOOHa -l- C«H,OH. 

Salicylic acid is monobasic ; it dissolves slightly in cold water, 
more easily in hot, in alcohol and ether. It melts at 156° 0,, and 
distils in steam. Its aqueous solution gives a fine violet coloratioii 
with FejjOl^j, This colour is destroyed by mineral acids and by 
alkalies. 1 part in 100,000 OH, is indicated by this test. It is a 
powerful antiseptic. ” ** 
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On distilling salicylic acid with excess of lime phenol is pro- 
duced. 

Salicylic acid. Lime. Calcium Phenol. 

carbonate. 

AgNOg and lead acetate give white ^^precipitates with salicylates’ , 
but not with the free acid. 

Bromine water added to solutions of salicylic acid gives a white 
crystalline precipitate of tribromsalicylic acid, similarly to phenol. 

With Millon’s reagent a si^iilar red colour is produced to that 
with phenol. 

ALCOHOL, C^H.O = Specific gravity, 0*7939 at 15*5°. 

Boiling-point, 78*4® C. at normal pressure. — Alcohol is a transparent, 
colourless, very mobile liquid, which readily dissolves resins, ethers, 
fats, essential oils, &c. It mixes with water and ether in all pro- 
portions. Its vapour is'very inflammable, burning in the air with a 
blue flame only very slightly luminous and yielding water and 
carbon dioxide, and when mixed with air explodes by contact with a 
flame or by the electric spark. 

When the vapour of alcohol mixed with air comes in contact with 
platinum black imperfect combustion takes place, the metal being 
generally heated to redness and the alcohol partly converted into 
aldehyde, acetic acid, formic acid, acetal, &c. 

Strong nitric acid decomposes alcohol. I^art of the niti-ic acid forms 
nitrate of ethyl, but the greater p^trt is reduced to nitrous acid, which 
then forms nitrite of ethyl. At the same time many other compounds 
are formed, and the action may become explosive unless the materials 
are pure and used in small bulk only. 

Strong sulphuric acid mixes with alcohol, producing considerable 
evolution of heat* with formation of ethyl hydrogen sulphate, 
Potassium and sodium act upon alcohol, with formation of ethylates 
and evolution of hydrogen ; 

^ 2C,H,OH + K, -H 2C,H,OK. 

, . A good test for alcohol depends on the production of iodoform, 
although it is not the only substance which gives this test. It is 
best performed by warming the liquid to be tested, adding a solution 
of sodium carbonate, and then small crystals of iodine, until a slight 
brown coloration remains. On cooling the solution pale yellow 
flaky crystals of OHTg will fall out. They have a very characteristic 
odour. 

Alcohol may be also very readily oxidised to aldehyde, and then 
to acetic acid, by any oxidising mixture, such as potassium dichromate 
^and sulphuric acid, or potassium permanganate. A liquid containing 
alcohol \vhen warmed with a strong solution causes a black 

or brown precipitate of MnOg and potassium acetate, which remains . 
In solution, and may be tested for. 

^ ^Aldehyde, OH^COH, is formed when alcohol is oxidised with 
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potassium dichromate and sulphuric acid. The alcohol should be 
dropped in small quantities only at a time into the acid mixture, con- 
tained in a retoi*t provided with condenser. The acid mixture 
should be warm, so that the aldehyde distils over as fast as formed, 
otherwise the action may be dangerous. 'It is a very volatile liquid, 
boiling at 21° C., and soluble in water, alcohol, and ether. It absorbs 
* oxygen from aif , and reduces silver and other salts, tlae metals being 
precipitated. With ammoniacal silver solution it gives a mirror of 
silver. - 

Methyl alcohol, CH3OII, gives CHOH, formaldehyde, or “ for- 
malin,” on oxidation. ^This stage » of oxidation is attained when 
platinum black or hot platinum wire is held in a mixture of air and 
methyl alcohol vapour. (See Formic Acid.) 

ETHER, == Specific gi^avity, 0*736 at 0° G.— 

Pure ether is a very mobile, colourless liquid, of penetrating odour 
and sweet taste. On account of its low boiling-point, 35° C., it 
evaporates very rapidly at ordinary temperatures, causing thereby a 
great reduction of temperature. It mixes in every proportion with 
absolute alcohol, but not with water ; 1 part of ether requires about 
9 parts of water for solution, and itself dissolves about of ife 
weight of water. It dissolves sulphur, phosphorus, iodine, &c., and 
is one of the best solvents for fats, oils, resins, and other organic 
substances. 

Its vapour is very inflammable. It burns with a luminous flame. 
A mixture of its vapour and air is violently explosive. 

By incomplete oxidation or imperfect combustion it is converted 
into aldehyde and acetic acid. It is not attacked by sodium or 
potassium, but energetically by chlorine. The reaction is most 
violent with chlorine and its vapour. Bromine acts less violently. 

Dry ether mixes to a clear liquid with sulphide of carbon ; a 
slight trace of water causes a milkiness. 


CHLOROFORM, CHCJ3. — Is a colourless liquid, of specific gravity 
1*62, boiling at 61° 0. It is soluble in about 200 Ifimes its weight 
of water, but to any extent in alcohol, ether, CS^, '&c. It is an « 
excellent solvent for oils and fats, resins, &c. 

Chloroform heated with Fehling’s alkali copper tartrate solution 
produces Ou^O. 

OHGI3 -f 5KHO 4- 20uO - Ou,0 -h K3CO3 + 3K01 -b 3H,0. 

Chloroform vapour parsed through a red-hot tube along with 
hydrogen liberates HOI. The operation may, be performed in an 
apparatus like Marsh’s for AsHg, the flask being warmed. 

Alcoholic KHO or NaHO, warmed with a chloroform solution"* 
to which a few drops of aniline have been added, gives benzoiso- 
* nitrile, OsH^NC, a liquid of most penetrating and disagreeable 
odour. * 

, 27 
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OH3 

ACETONE, OO , dimethylketoiie, m a coloiirlebs liquid, obtained 

OH3 

on a- large scale by the distillation of calcium, barium, strontium, 
or magnesium acetates. Pfc is contained in very small amount in 
blood, urine, &c., especially in cases of fever and diabetes. Many 
organic substances on dry distillation yield acetone '"amongst others 
products. It boils at 56*5®. Specific gravity, *8170 at 0°. It 
mixes with water, alcohol, ether, chloroform, in almost any pjro- 
poi*tion. CaClg separates it from water. Dehydrating substances 
act readily on acetone, formin-g mesitylei;^e oxide, CgH„p, and 
phorone, will form also trimethyl benzene. 

With NH^HO and iodine iodoform is produced. Alcohol does not 
give iodoform with ammonia. Acetone in the presence of KHO 
dissolves HgO. HgCl^ solution is made strongly alkaline with KHO, 
and then shaken with the supposed acetone solution and filtered. 
The filtrate will contain Hg if acetone was present. The compound 
formed is 2(C3H(30)BIIg0. A saturated solution of HJSTaBO^ forms 
O^HgONaHSO^ with a solution of acetone. It is less soluble in 
alcohol than water. This is a method of purification of acetone. 

Acetone is much used as a solvent for gun-cotton and other 
nitrated celluloses, in the manufacture of smokeless powders, and 
for other purposes. 

ETHYL ACETATE, acetic ether or ester, OH.jCOOOJT^, is a typical 
ester. It results from the action of acetic acid on alcohol. 
C3H50H + OH3COOH==H,0 + C,3ffpOCOH3. The simplest mode 
of formation is to distil a mixtui^e of alcohol and acetic acid (mole- 
cular proportions of each) with about half a molecular proportion of 
concentrated sulphuric acid. The retains the water, and the 

ester distils over at about 70-80'' 0. Pure ethyl acetate boils at 
72*5*^ 0. Relative weight = ’01. It dissolves in about twelve parts 
of water, and also’ dissolves water. 

It has a pleasant, characteristic odour, (Most esters are vola- 
tile, and the odours of their vapour.s, if not alike, ai’e related.) It is 
decomposed by^ alkali hydroxide^, alcohol being liberated, and by 
^ ammonia, with production of acetamide, CILjCOKil^. 

GLYCERINE (glycerol), OH,(OH).OH(OH)CH,(OH), is a trihydric 
alcohol obtained as a by-product from vegetable oils and animal 
fats mainly in the processes of making soap and candles. 

Glycerine is a colourless and odourless syrupy liquid. It has a 
sweet taste ; dissolves in water, alcohol, and many other liquids in 
almost any proportion ; absorbs water from the air up to nearly 50 
per cent, of its weight. It does not vaporise until heated to much 
^above 200®. 0., so that it may be dehydrated by heating. It can be 
"obtained in crystals, but with difficulty. The crystals are said to 
melt at 22® C. ; they are very deliquescent. 

f . The relative weight of pure glycerine at 15^ 0. = 1*20 (water at ” 
M®)? The boiling-point = 290° 0. under 760 mm. 
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Glycerine is an excellent solvent for many salts, oxides, &c., and 
many organic compounds. The alkali metals and ammonia combine 
with it, displacing the hydroxylic hydrogen. Acids can form 
three kinds of esters, sueh as the mono-, di-, and tri-acetate, and 
the corl*esponding nitrates. Nitro-g^cerine is the trinitrate, 
OH,(N 03 )OH(N 03 )OH,(NO,). 

Glycerine decomposes when distilled under ordinary pressure, or 
boiled for some time, giving off water and forming diglycerol, 
(fee. It must therefore be purified by distillation with 
superheated steam. 

CELLULOSE, (OgHjQOJn,^ occurs in an approximately pure state 
in cotton, fiax, and wood-fibre generally. It occurs in most plant 
tissues, and may be considered as the skeleton or basis of the vege- 
table kingdom. Manufactured cotton, linen, paper, <fec., represent 
more or less impure conditions of this substance. 

Although its chemical composition is very close or perhaps iden- 
tical with that of the starches and some other carbohydrates, it is 
well distinguished by its insolubility in water and most other reagents. 
Its microscopic structure varies with the source, but its chemical 
character is quite definite. To isolate cellulose from almost any 
vegetable matters (cotton-wool or filter paper), treat with cold 
bromine water for fifteen minutes and then boil in dilute ammonium 
hydroxide. Repeat this treatment until the material has become quite 
white and the ammonia solution ceases to dissolve anything more. 

It is doubtful if there be any simple solvent for cellulose in the 
sense that water is for sugar. 

Concentrated acids, as HgSO^, HISTOg, and acetic, dissolve it 
slightly, under certain conditions of temperature, forming salts 
with it. A triacetate of cellulose is well known, and gun-cotton is 
probably a trinitrate. The ordinary gun-cottons or collodion cottons 
are mostly, however, complex mixtures of nitrates. 

With powerful bases, as Ba(HO )2 and KHO, it seems to form 
salts, acting in these cases as the negative or acid radical towards the 
strong base. 

Unlike stoch, cellulose is not turned blue by, iodine, but any 
cellulose substance moistened with a solution madS by dissolving, 
equal weights of zinc chloride and potassium iodide in strong HCl 
(Schultz's reagent), and then washing the brown stain with water, 
becomes blue or purple. 

Cupramine, Cu^^®j made by dissolving copper oxide in strong 

ammonia solution, dissolves cellulose to a thick, gummy solution. 
The fibres are observed first to swell considerably before dissolving. 

This solution, when diluted very largely with water or an acid, 
deposits cellulose in a gelatinous form, 

* Jute, cork, the mass of which apples, turnips, &c., consists, are prob- 
ably modifications from cellulose or oxycelluloses. A good deal of work is 
* still :i;'equired at these compounds to elucidate some clear idea of Jihen 
constitution. 
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STARCH — May be considered as an isomeride of 

cellulose. It occurs in nearly all parts of plants. It is most abun- 
dant in the grain of cereals, and in tubers like the potato. In all 
cases it exists in cells, which vary in size and shape, depending on 
the plant. 

Starch is insoluble in cold water, and is separated from grain or 
potatoes by trituration and washing by a stream of water. The cells 
are carried away from the cellular tissue, &c., and fall as a white 
powder on allowing the water to stand for some time. 

The grains or cells of starch from any one source are moderately 
regular in shape ; those from cereals are sma),ler than from tubers. 

On heating in a closed tube starch decomposes in a similar 
manner to woody fibre, giving off water and combustible gases, and 
leaving charcoal. 

Shake up some starch with cold water in a test-tube ; it does not 
dissolve, and will settle to the bottom unchanged on standing. Add 
twice its volume of boiling water, and shake. The mass forms a 
semi-transparent jelly. On heating to boiling, or nearly so, appa- 
rently complete solution takes place. Add an alcoholic solution of 
iodine or a solution of iodine in potassium iodide to a stai'ch emul- 
sion ; a fine blue colour — iodide of starch — is produced. The colour 
varies from purple to blue. It is destroyed on heating, but reappears 
on cooling. (See tests for nitrites.) 

A starch solution, when heated for some time with a little acid, 
HCl or H^S 04 , or with partially germinated grain solution, under- 
goes several changes. 

DEXTRINE. — Dilute a few c.c. ot a starch solution made as above, 
add a few di*ops of HCl or H^SO^, dilute, and heat to neaidy 
boiling. Pour out a few drops from time to time into an iodine 
solution, until only a brown coloration is produced. At this point 
the starch has been converted into an isomeride, termed dextrine, 
which may be precipitated in a fiocculent state by adding alcohol to 
the acid solution. 

GLUCOSE* (dexjbrose or grape-sugar). — A dilute solution of starch 
^when boiled with the addition of a few drops of HCl or until 

no farther reaction is given with iodine, becomes converted into 

Or] norifiiA 

+ H,0 = 

Grape-sugar is contained in many plants or fruits — from grapes, 
which contain about 14 per cent., to peaches, with little more than 1 
— ^in honey along with Iscvulose, and in diabetric urine. Dextrose 
crystallises from water as CgHjgOg.OHjj. It dissolves in 1 J its own 
weight of water. 

'' All glucoses, when warmed with an alkaline copper tartrate 
solution, cause a yellow or red precipitate of Cu,^0. Cane-sugar, 
dextrine, gum arabic, glyceriiie, urea, and a number of organic acids 

' Bee Orqss and Bevan {phem, Boe, Jonm. and separate pyblioations). 
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do not reduce the copper solution in this manner, or only after long 
boiling. 

Glucose, CgHj^Og reduces 10, lactose, 7, and maltose, 

6 molecules of OuO to Cu^O. 

Glucoses may be fermented. Add a small quantity of yeast to 
a test-tube of dilute dextrose or grape-sugar, fit with cork and delivery 
tube ; keep in a warm place — about 25° C. ; in about an hour gas, 
OPjj, will be evolved. Collect and test with lime- or baryta- water! 
On boiling after evolution of gas has nearly ceased, alcohol comes 
off, and may be distinguished by ife odour ; or it can be oxidised to 
acetic acid by permanganate and tested for. A molecule of glucose 
yields on fermentation two molecules of carbon dioxide and two of 
alcohol; . 

= 2C,H,OH 200,. 

BENZENE, CgHg. Specific gravity, 0*85 at 15'5°. Boiling-poifit, 
80*4® at 760 mm. — Is a liquid which, when cooled below 0° C., 
sodidifi.es into fern-like tufts, melting again at 5*5° 0. It is a non- 
conducfcor of electricity. At the ordinary temperature it is a limpid, 
colourless, strongly refracting liquid, having a pleasant odour ; slighl^ly 
soluble in water ; readily miscible with ether, wood spirit, and 
acetone. It dissolves sulphur, phosphorus, and iodine, especially on 
heating, fixed and volatile oils, . camphor^ wax, caoutchouc, &;c. 

Benzene has a low flash-point, and its vapour burns with a 
bright, smoky flame. When its vapour is passed through a red-hot 
tube carbon is separated, and .gaseous and solid hydrocarbons 
(diphenyl principally) are formed. Chlorine and bromine act upon 
it in sunshine, forming both addition and substitution products. 

It is not acted upon by alkalies, but potassium acts upon it, forming 
a blue-coloured compound, which is explosive, or explodes on contact 
with water. Strong nitric acid converts it into nitrobenzene, 

+ HNO 3 = + M,0. 

Nitrobenzene is a nearly colourless liquid at ordinary tempera- 
tures, which boils at 206® 0. It has an odour son^thing like that 
of bitter almonds. Water scarcely dissolves it, but It is soluble in, 
alcohol, ether, and many other liquids, and very volatile in steam. 
Sulphuric anhydride or fuming sulphuric acid forms with benzene 
sulphone ( 0 gHg)jjS 03 , and strong sulphuric acid CgH^HSOg, phenyl 
sulphonic acid on long heating. 

Detection of Benzene , — The liquid to be tested is warmed in a test- 
tube with strong nitric acid, then diluted with water, and shaken 
up with ether, which dissolves the nitrobenzene. 

The ethereal solution is mixed with a little alcohol and strong 
HOI, and a few pieces of zinc added. After about five minutes' rapici 
evolution of hydrogen from the zinc the solution is poured off, excess 
of KHO added, and then if the aniline formed be in too small quan- 
tity to separate, ether is added, and the ethereal solution separated 
and evaporated on a watch-glass. On adding a few drops of chloride , 
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of lime solution to the oily residue on the watch-glass a purple 
colour is formed if aniline be present, which thus indirectly indicates 
benzene. 

The action of nascent hydrogen on nitrobenzene may be repre- 
sented thus : 

OJUNO, + OH, = 2H,0 -f 0,H,NH,. 

ANILINE is a colourless liquid boiling at 100° 0. Aniline easily 
oxidises and becomes then yellowish or bi’own. It is scarcely 
soluble in water, but dissolves in alcohol and ether and some other 
oily liquids. With all acids it fj)rms salts, fnuch as 0^.Hj.,lSrH,H01, 
which crystallise well and are all soluble in water. It is a most 
characteristic “amine base, and behaves very much like ammonia. 
Nitrous acid acts upon it so as to produce diazobenzene or phenol, 
according to conditions of temperature and amount of water present. 

C,H,NH,HG1 4- HNO, = C,H,NNC1 + 2H,0, and 

Diazo benzene chloride. 

a,H,NN01 -i- H,0 - C,HpH -f HCl -h N,. 

Phenol. 

rj 

This constitutes the “ diazo reaction. 

PHENOL? Oj-H.-OH (carbolic acid), is the hydrate or hydroxide of 
benzene. It occurs in castor oil, and in the urine of some herbi- 
vorous animals, but the practical source is coal-tar oils. 

When pure, phenol consists of J^arge colourless prisms, which have 
a peculiar odour and pi’oduce a burning taste. It melts at 42°, and 
boils without decomposition at 181*5°. When not quite pure it is 
slightly coloured red or brown. Phenol is soluble in fifteen parts of 
cold water, but much more readily in alcohol. Its solution is a 
powerful antiseptic and caustic, and it is also highly poisonous. 

Bromine water added to a phenol solution forms tribromophenol, 
a yellow solid, which is somewhat insoluble, 1 part in 60,000 of water, 
and therefore precipitates. Concentrated nitric acid converts phenol 
into trinitrophenol or picric acid. The action may become very 
violent even with quantities of a few grams. Dilute nitric acid will 
''form a mixture of mono-nitrophenols. Picric acid is made by 
the action of hot dilute nitric acid on the phenoLsulphonic acid, 
CgH^OHSOgH (1 : 4) obtained by heating equivalent quantities of 
phenol and sulphuric acid to 120°-150° 0. 

OgH.OHSOgH 4- 3HNO3 = OgH,.OH.{NO,)3 + 

Picric acid unites with alkalies and metallic oxides generally the 
picrates formed being in all cases explosive when dry. The acid is 
soluble in alcohol ; this solution dyes silk or wool yellow, On adding 
ammoiaium hydroxide to a phenol solution, and then a hypochlorite 
or hypobromite, a fine blue colour is produced. 

The phenols are all acidic compounds, and combine with metals, 
or metallic hydroxides, giving salts, as commonly called 

^otosium phenylate. 



APPENDIX If. 423 

Forric chlorid©, added to fi solution of phenol in water, produces 
a fine purple colour (1 part in 3000 water). Albumen solution is 
coagulated on addition of phenol. Phenol boiled with MilloAs re- 
agent (mercuric nitrate with excess of nitric acid) produces a fine 
red colour, permanent for some time. * 

CARBON DISULPHIDE} CS^. Specific gravity, 1*263. Boiling- 
-point, 46*6 C°. Refractive power, l'G45. — Disulphide of carbon is a 
cplourless, very mobile, highly refracting liquid, having a peculiarly 
unpleasant odour. It evaporates quickly at ordinary temperatures, 
producing great cold. ^ It is almost insoluble in water, but alcohol 
and ether niix with it in all proportions. It dissolves sulphur, phos- 
phoruS} iodine, caoutchouc, oils, and fat, for which purposes it is 
largely u^ed. 

Disulphide of carbon vapour is very inflammable, and burns with 
a blue flame, producing sulphur and carbon dioxides. A mixture 
of its vapour and nitric oxide burns with a very bright blue flame, 
particularly rich in chemically active rays. 

Dry chlorine converts it in the presence of iodine into tetra- 
chloride of carbon and sulphochloride of carbon, CSOl,. The alkali 
oxides gradually dissolve disulphide of carbon, forming a brown 
solution which is a mixture of carbonate and sulphocarbonate of the 
alkali metal ; 

30S, -{- 3Kp = + 2K,CS3, 

An aqueous or alcoholic solution of potassium hydroxide to which 
a little lead salt — acetate — has been added, boiled with disulphide of 
carbon, becomes blackened. ThA is a very delicate test for sulphide 
of carbon. 

With triethyl phosphine it unites directly, forming a compound, 
P(CjH^) 30 S 2 , which crystallises in splendid ruby-coloured prisms, 
which dissolve in ether with a red colour. This is a good test for 
CS^ vapour in other gases. 

NET 

UREA, — I® which the waste nitrogen of 

the body escapes in the urine. It was synthetised.by Wohler from 
ammonium cyanate, NH^OON, which undergoes a molecular change 
on the evaporation of its solution. It was previously made by 
J. Davey, but not fully recognised. 

Urea forms colourless crystals, which deliquesce in moist air ; 
they are easily soluble in water and alcohol, but scarcely in ether. 
It melts at 130° C,, and it then begins to decompose into cyanuric 
acid and biuret. 

Heat a little urea in a test-tube until ammonia is evolved, add 
warm water ; biuret dissolves, and on adding a little OuSO^ solution, 
and then excess of NaHO, a violet colour is produced. ** 

Oxalic acid added to a solution of urea gives a crystalline pre- 
cipitate of the oxalate, rapidly from sti-ong, after some time from 
dilute, solutions. » •• 



4S4> A COURSE OF PRACTICAL CHEMISTRY. 

J^itric acid, quite free from lower oxides of N, forms urea nitrate 
which is also crystalline and soluble in water; very slightly so in 
nitric acid. 

Mercuric nitrate precipitates from urea solutions, when the latter 
is in excess, white 

This precipitate is sometimes employed in the estimation of urea 
quantitatively. ‘ <9 

heated with KHO gives ammonium carbonate and then. 

In Hjj. ^ 

H'itious acid, or an acid solution of a nitrite, decomposes urea 
liberating N and CO.,. ’ 

“ r r 

CON,H, + 2HNO, = 2 N, + GO, + 30H,. 

Alkali hypobromite or hypochlorite causes immediate effer- 
vescence, all the nitrogen being liberated. 

COhr^H^ + SNaOBr + 2NaHO = N, + 8 NaBr 4 - 30H, + Na.OO^. 
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APPENDIX III. 


Alkaloids form b olass of organic compounds which act as bases 
combining with acids to form salts. Most alkaloids are of vegetable 
origin and contain nitrogen and oxygen, exceptions to the latter 
being found in the liquid volatile alkaloids, conine and nicotine. 
The exact constitution of many of them is uncertain, but a consider- 
able number have been synthetically prepared, and they all appear 
4^0 be derivatives of pyridine (O5H.N). 

The alkaloids generally have an alkaline reaction, and can 
neutralise acids, forming well-defined salts. The alkaloids are 
generally almost insoluble in water (the liquid ones, conine and 
nicotine, forming exceptions), but soluble in alcohol, ether, chloroform, 
and other organic solvents. 

The salts are more soluble in^water than the alkaloids themselves, 
but in many cases combination with the base is so feeble that water 
breaks them up, setting free the alkaloid. Stronger inoi'ganic bases 
(KOH, Na^COg) always sets free the alkaloid. 

The solutions of alkaloids exhibit optical activity- — that is, they are 
capable of causing rotation in a beam of polarised light, generally in 
a Isevo-rotatory direction. 

The reactions of the more common alkaloidvS, conine, nicotine, 
morphine, narcotine, quinine, cinchonine, strychnine, brucine, atro- 
pine, and cocaine are here given.'* 

If the alkaloids to be tested are mixed with various foreign 
organic matters, they must first be separated by means of precipi- 
tation by various general reagents. The reagents which either 
precipitate all the alkaloids or most of them are: (I.) PtOl^; 
(II.) a solution of iodine in KI; (III.) potassio -mercuric iodide; 
(lY.) potassio-cadmium iodide; (V.) potassio-bismuthous iodide; 
(VI.) phosphomolybdic acid ; (Vll.) phosphoantimonic acid ; 
(VIII.) phosphotungstic acid; and (IX.) picric acid. 

By means of these reagents the alkaloids are precipitated in 
various states, and suitable methods must then he used to separate 
the alkaloids from the compounds formed, which will readily be 
suggested from the reactions of the various precipitants of the above 
reagents. KHO or XaHOOg will, for example, decompose moat of 
' th^ above compounds, setting free the alkaloid, winch may be 
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obtained by extraction with a suitable solvent immiscible with water 
such as (chloroform, (fee.). 

Should no precipitate be obtained with a solution of iodine in 
KI, this may be regarded as a positive proof of the absence of alka- 
loids, but a precipitate may be given by substances other than 
alkaloids. 

^ Both platiniS and auric chlorides unite with alkaloids, or rather 
’ with their hydrochlorides, forming double salts, very similar to the 
maijner in which ammonium chloride and chlorides of bases of the 
- aniline type, as OQHglSrHgHOl, unite with these chlorides. 

Most of these combii^ations can |je decomposed by SH.,, 

Picric acid combinations are generally easily decomposed by 
ammonia. 

Many of the crystalline precipitates obtainable with the alkaloids 
may be well observed by carrying out the test on a watch-glass or 
microscope slide, under a low power (one inch) with the micro- 
scope. 

Golqur Tests , — Having ascertained that an alkaloid is present, its 
identification largely depends on certain colour reactions with acids 
and other reagents. To carry out such tests a little of the separated 
base (or salt) should be treated with a drop of the reagent in a whit^ 
porcelain dish. 

Two special reagents — Frohde's and Erdmann’s are prepared 
respectively as follows : 

Frohde^ s reagent . — *005 grm. of sodium (or ammonium) molybdate 
dissolved in 1 c.c. of concentrated HgSO^. 

Erdmann! s reagent . — Six drops of HNO^ mixed with 100 c.c. of 
water, and ten drops of this soli^ion added to 20^ grms. of pure 
concentrated 

A summary of the principal colour reactions will be found later. 
MORPHINE. 

The alkaloids may be divided into two groups, volatile and non- 
volatile. To the first group belong only nicotine and conine amongst 
those most frequently occurring. The second group^may be divided 
into three sub-groups : I. Alkaloids precipitated from solutions of ^ 
their salts by KHO or NaHO, but soluble in excess -of the precipi- 
tant. II. Alkaloids precipitated by KHO or NaHO, but insoluble 
in excess. They differ from the alkaloids of the third sub-group in 
being thrown down from acid solutions by NallCOg. III. Alkaloids 
precipitated by KHO or NaHO, insoluble in excess, but not precipi- 
tated from acid solutions by NaHOOg. 

I. Alkaloids Pkecipitated by KHO, Soluble ik Excess. 

MORPHINE (on MORPHIA), OiyHi^NOg. 

Morphine occurs, together with narcotine and several other less 
important alkaloids, in opium, the dried milky juice of the gpeei? 
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capsules of the poppy {Fapamr soviniferimi). Morphine crystallises 
with one molecule of water, and usually forms either brilliant white 
needles, rhombic prisms, or a crystalline powder. It has a bitter 
taste, is almost insoluble in water, and but slightly so in alcohol and 
ether. Its best solvent iis amyl alcohol. Morphine parts with its 
water of crystallisation at 100®, and if carefully heated may be 
sublimed without decomposition. 

A solution of morphine hydrochloride (hydrochlorate) of about 
1 per cent, is employed for the reactions. 

NH^OH precipitates after some time a white precipitate of 
OiyTI^9NO.^,OIl2, The precipitate is readily soluble in NaHO and 
KHO, but with more difficulty in ammonium hydroxide. It is also 
soluble in jSTH^OI, and with difficulty in (NH^)2C03. 

Acid and normal alkali carbonates give the same .^precipitate, 
insoluble in excess. 

Concentrated IHSTOg gives with solid morphine or one of its salts 
a yellowish red colour, not altered to violet by SnCI^ or thiosulphate, 
(Distinction from brucine.) 

Cold concentrated H^SO^ dissolves morphine to a colourless 
solution. If this solution is allowed to stand for twelve houi-s, and 
I-hen heated to 150 ® for a short time, and after cooling a drop of 
HNO3 of density 1*2 added on a porcelain plate, a coloration is 
observed, which is sometimes violet at first, changing to blood-red 
and then yellow. 

A crystal of potassium bichromate added to the HySC.^ solution 
gives a green colour, w'hereas MnO^ gives no coloration. (Distinc- 
tion from strychnine.) 

Frohde's reagent, or a molyfJdate of an alkali in strong 
added to morphine or a dry salt of morphine, gives a deep violet 
colour at once ; this colour gradually changes to olive-green, and 
then to a deep blue on stirring. 

If a small quantity of morphine be dissolved in about 1 c.c. of 
concentrated HCI, a drop of strong added, and the mixture 

heated on the water-bath until the HCI is driven off, a purplish 
residue is obtained. This residue is treated with a little HCI, and 
neutralised with a cold saturated'' solution of HNaCO^, and then one 
drop of an akoholic solution of iodine added — the liquid becomes 
emerald-green. On shaking with ether the substance (apomorpliine) 
is dissolved to a violet-red solution. 

Fe^Cl^ (neutral) or solution of iron alum gives, with strong solu- 
tions of morphine salts, a dark-blue coloration, changed to green by 
excess and destroyed by the addition of acids ; large excess of ferric 
chloride should be avoided. 

On adding a fresh solution of potassium ferricyanide with F^Olg 
a blue colour is produced owing to reduction of the ferric salt. (Dis- 
tinction from cinchona bases ; compare cocaine.) 
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IT. Non-volatile Alkaloids, Precipitated by KHO or NaHO, 
Insoluble in Excess, also Precipitated by HNaOOs, even 
FROM Acid Solutions. 

^ * 

/ * NAECOTINE, 

- Harcotine is found together with morphine in opium. It is 
• insoluble in water, and Qnly sparingly soluble in alcohol, ether, and 
light petroleum. It is easily soluble in benzene, but its best solvent 
is chloroform. Narcotine melts at 170°. All narcotine salts possess 
an acid reaction. 

Any salt of narcotine may be employed for the reactions. 

All alkalies, their carbonates and bicarbonates, precipitate narco- 
tine immediately in the form of a white powdei*, crystalline as seen 
under the microscope. 

Concentrated dissolves narcotine on warming, with 

evolution of nitrous fumes, and forms a reddish yellow solution ; 
on heating more strongly more fumes are given off, and the solutioi)^ 
becomes yellow. 

Concentrated HgSO^ dissolves narcotine with- a pale greenish 
yellow colour, changing to pure yellow. On heating in a porcelain 
dish, the solution becomes orange-red and violet-blue at the edge, 
and when the sulphuric acid begins to evaporate it assumes a dirty 
reddish violet colour. 

If a small quantity of narcotine be dissolved in Erdmann^s 
reagent, a brownish colour is first formed, becoming red. 

Erohde's reagent dissolves narcotine, forming a green solution. 
If the solution, however, contains double the amount of sodium 
molybdate, the green colour changes to a magnificent cherry- red. 

Chlorine water gives a yellow colour, changed by NH^OH to a 
yellowish red or orange. 

If a solution of narcotine in strong is heated until the 

red coloration appears, and then Ee^Clg added, the j>ortions of the 
liquid in contact with the ferric chloride become red, ^ith brilliant 
violet edges, and after ten or fifteen minutes a cherry-red coloration 
is produced. 

If narcotine or one of its salts be dissolved in dilute HgSO^ and 
MnOj added, and the mixtui’e boiled, the alkaloid is oxidised into 
opianic acid, cotarnine, and CO^. On filtering and adding 
no precipitate is produced. 

QUmiNE, 

Quinine occurs in cinchona barks, together with cinchonine and ' 
seye^ral other bases. It may be obtained crystallised either anhy- 
^ ffroiis or with three molecules of water of crystallisation. In the 
.' hydrated state it efiloresces on exposui'e to the air. Quinine is-* 
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sparingly soluble in cold, but more readily soluble in hot water, 
but still more so in alcohol, ether (distinction from cinchonine), 
chloroform, and carbon disulphide. Crystallised quinine melts at 
57° in its water of crystallisation, which it loses at 100° ; when 
anhydrous it. melts at 177^. 

The -neutral salts of quinine are sparingly soluble in water; the 
acid salts, however, are readily soluble, and solutions of many of 
them, especially the sulphate, exhibit a bluish fluorescence. A solu- 
tion of quinine sulphate acidulated with dilute turns, the 

polarised ray strongly to the left. (Distinction from cinchonine.) 

The alkalies and their noinnal carbon#*.tes precipitate quinine 
from not too dilute solutions in the form of an amorphous powder, 
which soon becomes crystalline, as seen under the microscope. If a 
salt of quinine be precipitated by means of ammonium hydroxide, 
ether (containing 2 per cent, of alcohol) added, and the mixture 
shaken, the precipitated quinine redissolves in the ‘ether, and the 
clear liquid forms two layers. Quinine may be separated from 
cinchonine by this process. 

HNaOO^ forms a precipitate only from moderately strong solu- 
tions ; the precipitate is somewhat soluble in excess, and contains 
^carbonic acid. 

Strong HNOg dissolves quinine to a colourless solution, becoming 
yellowish on heating. A nitro derivative is formed. 

Concentrated H^SQ.^ dissolves quinine and its salts, forming a 
colourless or faintly yellow solution ; on heating the colour changes 
to yellow, and afterwards to brown. 

Erdmann’s reagent only giv^ a faint yellow colour. 

Chlorine or bromine water (a\)Out one-hfth its volume) added to 
a solution of a quinine salt does not colour the solution, but on the 
addition of NH^OH in excess an intense emerald-green colour is 
produced (distinction from cinchonine). If after the addition of 
chlorine water some solution of K^FeCy^. is added, and then a few 
drops of* NHpH, the solution acquires a deep red tint, speedily 
changing to a dirty brown. The red colour is destinyed by an acid, 
but may be reproduced by the cautious addition of NHjOH. This 
reaction is most characteristic, btit is interfered with by the presence 
of morphine. - 

If quinine sulphate is dissolved in a little acetic acid, alcohol 
added, and then sufficient alcoholic solution of iodine to colour the 
liquid brownish, the sulphate of iodoquinine (herapathite) separates 
out after a short time as a black crystalline powder, or in the form 
of plates, which are beautifnlly dichroic, and polarise light strongly. 
This reaction is very chai*acteristic, and, by the employment of* the 
microscope, very delicate. 


OIKOHONINE, 

Cinchonine occurs in cinchona bark, together with quinine and 
^otljer alkaloids. It forms either transparent, brilliant rhombic prisms 
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01 ' fine white needles, or, if precipitated from concentrated solutions, 
a loose white powder. 

Cinchonine is almost insoluble in both hot and cold water. It is 
but sparingly soluble in cold alcohol, but somewhat soluble on boiling, 
from which solution most of the cinchonine crystallises on cooling. 
It is almost insoluble in ether (distinction from quinine), chlproform, 
^and light petroleum, but dissolves readily in chloroform mixed with 
one-fourth or one-third of its bulk of alcohol. 

When cinchonine is cautiously heated it melts at 165^ and gives 
, off 'white fumes, which condense upon cold surfaces in the form of 
small brilliant needles, pr as a loose sublimate, a peculiar aromatic 
odour being exhaled at the same time. 

Cinchonine salts are in general more soluble than the correspond- 
ing quinine compounds. The solutions are not fluorescent, and turn 
the polarised ray to the right. 

Alkalies and their normal carbonates immediately precipitate 
amorphous cinchonine, insoluble in excess. 

HKCOg and HISTaCOg give the same precipitate. 

Concentrated dissolves cinchonine, forming a colourless 

liquid, which on warming becomes first brown, and finally black ; the 
same change of colour is noticed on the addition of HNOg. ^ 

Frohde’s reagent gives no coloration. 

Erdmann’s reagent gives no coloration. 

Chlorine water causes no changes of colour, but on adding NH^OH 
a yellowish white precipitate is produced. 

If K^FeCy^ is added to a neutral solution of a cinchonine salt, a 
yellowish flocculent precipitate of cinchonine ferrocyanide is formed. 
On the addition of excess of the precipitant, and on gently and slowly 
heating, the precipitate dissolves, but separates on cooling in brilliant 
gold-yellow scales, or in long needles, often aggregated in the shape 
of a fan. With the aid of a microscope this reaction is most delicate 
and characteristic. 

Quinine and cinchonine may be separated from narcotine by 
repeatedly shaking up the acidified solution with chloroform ; the 
chloroform is then separated, and ammonia and ether contain- 
ing 2 per cent, of alcohol added tcs the aqueous solution, when the 
cinchonine separates out, and the quinine dissolveS.in the ether. 
The alkaloids may then be readily tested by the reactions given 
above. 


III. Non-Tolatile Alkaloids, Precipitated by KHO or NaHO, 
Insoluble in Excess ; not Precipitated by HNaCOg. 

STEYCHNINE, 

‘ Strychnine is found, together with brucine, in the fruit of the 
« StTychnos nux-voynwct and StTychihOS ignatii. It occurs either in 
white, brilliant, rhombic prisms, or as a white powder. It posse^es. 
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aB alkaline reaction, and is intensely bitter. Strychnine is almost 
insoluble in water, absolute alcohol, ether, and light petroleum. It 
is slightly soluble in ether containing water and alcohol, anayl 
alcohol and benzene, but very readily soluble in chloroform. 

Strychnine does not melt without decomposition, but by careful 
heating -small quantities may be sublimed unchanged. 

Most salts of strychnine are soluble in water and alcohol, insolubler' 
in ether, chloroform, amyl alcohol and benzene. All the salts taste " 
intensely bitter, and are verj^ poisonous. 

KHO, NaHO, and Na^OOjj precipitate strychnine as a white - 
crystalline powder, insoluble in^excess. r, 

ISTHpH gives the same precipitate, soluble in excess ; after a 
short time, however, the strychnine crystallises from its solution in 
the ammonium hydroxide in the form of needles. HNaCOg added 
to a neutral solution of a strychnine salt precipitates the alkaloid in 
the form of fine needles, insoluble in excess. If, however, a drop 
of acid be added, so as to form free carbonic acid, the precipitate is 
redissolved, although the solution may still be alkaline. As the 
liberated carbon dioxide escapes on exposure to the air, the strych- 
nine is gradually reprecipitated. 

^ Strong H2SO4, strong IINO3, Frohde’s reagent and Ei’dmann’s 
reagent, all fail to give colorations with strychnine. 

If strychnine is dissolved in concentrated I-Ij,vSO,p and then 
brought into contact with any oxidising agent (such as K^CrO^, 
KyMn^Og, KgFejjOyia, PbOg, or MnO^), best in the solid condition, 
the liquid assumes a magnificent blue- violet colour, which changes 
to red and then to reddish yellow. The reaction may be performed 
by precipitating the strychnine^as a chromate by means of K^CrO^, 
freeing the precipitate from moisture as far as possible, and treating 
it on a watch-glass with strong when the blue- violet or blue 

colour is observed. 

Gurarine gives the same reaction as strychnine, but is coloured 
red by strong alone. 

The most delicate reagent for strychnine is tlie green liquid 
obtained by dissolving 1 part of K^Mn^Oy in 2000 parts of strong 
H2BO4, and adding to the strychnine solution, but under these con- 
ditions other organic substances may cause a similar colour to be 
generated. This reaction is impaired by the pi'esence of chloxides, 
nitrates, and large quantities of organic matter, from which the 
strychnine should be obtained as free as possible. 

If a few drops of a solution of ammonium vanadate in 100 to 
200 parts of strong H^SO^ be added to a little strychnine on a 
watch-glass and allowed to remain a few moments until the mix- 
ture becomes darker in colour, and the watch-glass then slightly 
inclined, a magnificent blue colour will be seen at the moment the 
vanadium sulphate solution nms off the residue ; this colour soon 
'' turns to violet, and then to vermilion or reddish yellow. If KHO ^ 
or NaHO be added as soon as the red colour appears permanent a " 
rose or purplish red colour is produced, which becomes more bril-'’ 

^ liaat on dilution. This reaction is not so delicate as the previous 
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one, bvit has the advantage of scarcely being affected by other 
organic matter. ° •' 

A little of the alkaloid dissolved in fuming HNO,, the acid 
evaporated ofi on a water-bath, and the residue just touched with a 
solution of alcoholic KHO, gives a red colpration (compare atropine 
and brucine). ^ ^ 

^ Chlorine warier gives a white precipitate, soluble in ammonium 
. h;^droxide to a colourless liquid. 

K.SGN gives immediately from strong solutions, but only after 
^ some time from dilute solutions, a white crystalline precipitate, 
insoluble in excess. ’ 

^ ^ HgClg forms a whit^ precipitate Consisting of clusters of needles ; 
it IS soluble on boiling, but recrystallises on cooling. 

Potassium ferrocyanide throws down a white or yellowish white 
precipitate~a reaction which may be utilised for separating strych- 
nine from brucine. ^ ^ 


brucine, C,3 H,eN,0,. 

Brucine occurs together with strychnine in different kinds o? 
strychnos. 

It crystallises with four molecules of water in the form either 
of right rhombic prisms, clusters of needles, or a white crystalline 
powder. 

Brucine is sparingly soluble in cold, but rather more so in hot 
water. It is readily soluble in alcohol, amyl alcohol, and chloroform, 
but less so in benzene, and almost insoluble in absolute ether. It 
possesses an intensely bitter taste. 

When heated, brucine fuses with loss of its water of crystalli- 
sation, but on careful heating it may be sublimed unchanged. Its 
solution in alcohol rotates the polarised ray to the right, 

. KHO, NaHO, and NagOOg precipitate brucine, insoluble in excess. 
The precipitate when first formed is granular, but may be seen 
under the microscope to change isuddenly into needles, with the 
absorption of water. 

N H^OH produces a whitish precipitate with brucine salts ; this ' 
precipitate appears to consist of minute oily drops, which gradually 
change with the absorption of water to small needles. The fresh 
precipitate, before absorption of water, is readily soluble in excess ; 
but brucine soon crystallises from the solution in small groups of 
needles. 

Strong HNO3 dissolves brucine and its salts to an intensely red 
solution, which afterwards becomes a yellowish red, and yellow on 
warming. On the addition of SnCl^, or colourless NH4HS, to the 
solution, and then heating, an intense violet colour is formed ; from * 
concentrated solutions a violet precipitate. With NaJIS instead of 
^ the above reducing agents the violet colour afterwards changes to 
green. « 
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Strong H.,SO,t gives with brucine or one of its salts a pale rose 
colour, which“ afterwards becomes yellow. 

Erdmann’s reagent gives the srane colours. 

Erohde’s reagent gives a red, changing to reddish orange, fading 
rapidly. ^ 

Treated with fuming HNO,,, evaporated, and the residue mois- 
tened with alcoholic potash, a greenish colour is produced (compare 
^ atropine and strychnine). , 

Hg.XNOg)^, as free as possible from acid, gives a colourless solu- ' 
tion which on heating on a water- bath gxadually assumes a' fine^ 
carmine colour. (Distinction from strychnine^ which gives no colour ^ 

with Hg, (NO,),.) 

KgOrOj gives a yellowish red crystalline precipitate after some 
time. 

Chlorine water added to a brucine salt gives a bright red colour, 
changed by ammonium hydroxide to a yellowish brown, 

KSON gives a granular precipitate from strong solutions at once, 
from dilute solutions only after some time. 

HgCI^ gives a white granular precipitate. 

Potassium ferrocyanide only slowly precipitates brucine from 
slightly acid solutions (compare strychnine). 


ATROPINE, CVH,,NO,. 

Atropine, or daturine, is an alkaloid, found in the deadly night- 
shade (Airoyya belladonna) and in ^he thorn apple {Datura st7Ximonmm)^ 
from which the second name is derived. It forms crystalline needles, 
which melt at 114-115^. 

Atropine is somewhat soluble in cold water, more readily in hot. 
The solutions are rapidly turned yellow on exposure to air, and 
acquire a disagreeable odour. The solution reddens phenol phtalein, 
which is essentially different from the action of alkaloids deiived 
from other families of plants. Atropine is vei*y soluble in alcohol 
and chloroform, but not so soluble in ether. 

The salts qf atropine are sohfble in water and alcohol, but hardly 
^ soluble in ether. 

A solution of the sulphate may be employed for the tests, 

NH^HO produces a precipitate with salts of ati’opine, the pre- 
•cipitate being soluble in excess. 

The alkalies and their normal carbonates precipitate atropine. 

NaHOO, produces no precipitate. 

HNOg (strong) produces no colour with atropine. 

H 3 SO 4 (strong) dissolves the salts without any coloration. On 
adding a drop of HNO 3 or a crystal of KNO, no colour is pro- 
duced ; but if a trace of potassium nitrite is added a deep yellow or 
orange^ colour is obtained, which is changed to a fine reddish violet 
on adding a little alcoholic solution of KOH, # 

HNO 3 (fuming) added to atropine, then the acid evaporated off, 
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and alcoholic solution of KOH added to the dry residue, a very 
characteristic violet colour appears, which changes to red (compare 
strychnine and brucine). 

ihe free alkaloid (if a salt is under examination it may be de- 
composed by and the base o]:>tained by extraction with 

chloroform), when treated with a 2 per cent, solution of HgCi, in 
alcohol, produc?Ses a red coloration. All other common alkaloids 
produce either no precipitate or a white one. 

, AuCl.^ gives a yellow crystalline precipitate. 

I in Ivl added to a solution acidulated with HCl throws down 
an amorphous precipitate of the tri-iodide, which is not dissolved b}’’ 
acetic acid. 


COCAINE, 

Cocaine is the principal alkaloid found in coca {Eryihroxylon 
coca) leaves, and is emplgyed largely as a local anaesthetic. It is a 
crystalline substance, forming definite salts with acids. The alkaloid 
is only slightly soluble in water, but easily soluble in alcohol, ether, 
&c. The aqueous solution is strongly alkaline. The hydrochloride 
and hydrobromide are readily soluble in water and may be used fcm 
testing. 

Alkalies and their carbonates precipitate cocaine. 

NH^HO also precipitates the alkaloid. 

(strong) gives no colour with cocaine. 

HNO3 — no coloration. 

Erdmann's reagent (HgSO^ witii HNO3) — coloration. 

Frohde's reagent — no coloration. 

Iodine in KI gives a rose-coloured precipitate from very dilute 
solutions of the hydrochloride. 

PtCl^ gives with strong solutions needle-shaped crystals of 
stai'-like form, but with more dilute solutions the crystals are pris- 
matic. 

AUOI3 gives a precipitate in even the most dilute solutions. 

These precipitates are definitexjompounds of the type of ammonio 
platinum salts, &c. ^ 

A mixture of freshly dissolved potassium ferricyanide and Fe^OIg' 
gives a precipitate of Prussian blue, owing to reduction of the ferric 
salt (compare morphine). 

A cold concentrated solution of sodium nitroprusside added to 
a solution of the hydrochloride precipitates reddish-coloured crystals. 
These are soluble in hot water, but again separate on cooling. The 
test is a good one to distinguish cocaine from morphine. 

Urea and then strong added to the solid hydrochloride, and 

the whole strongly warmed, give a blue colour. Certain other organic 
nitrogen compounds, however, give a similar reaction. •• 

Uranium nitrate solution containing a little potassium sulpho- 
cyanide (thiocyanate) gives an intense yellow precipitate in solutions 
containing 1 per cent, of the hydrochloride. • 
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CONINE (Propyl-Piperidine), 

Oonine is*foimd in hemlock, and is one of the liquid alkaloids, of 
an oily Mature, and having a powerful and disagreeable odour. It may. 
be distilled, but undergoes some decomposition, in contact with air, ^ 
but unchanged when distilled in an atmosphere of hydrogen. With 
steam or alcohol it may also be distilled. It is colourless when, 
freshly distilled but darkens on keeping. It is optically active, 
being dextro-rotatory. ^ 

Conine is slightly soluble in water, readily soluble in alcohol, 
ether, and to some extent in chloroform. The salts are soluble in 
water and alcohol ; hence when the salts (in solution) are decom- 
posed by adding an alkali, the conine is set free, and, being even more 
insoluble in alk.alies than water, oily drops of the alkaloid separate. 
On shaking with ether the alkaloid dissolves, and may be obtained 
by evaporation of the ether. 

HOI gas (or vapour in a vessel rinsed out with strong HOI) gives a 
crystalline coating or deposit with conine. 

HNO3 (strong) gives only a faint red tint. 

gives no colour immediately, but the mixture gradually 
becomes pux’ple, and then green. 

Br vapour also forms a mass of white crystals. 

Cl water added to an aqueous solution of the alkaloid gives a 
white precipitate, soluble in HOI. 

AUCI3 (with solutions of the ^Its) gives a yellowish white preci- 
pitate, insoluble in HCl. 

PtCl^ gives no precipitate (distinction from nicotine). 

HgOlg in solutions of the alkaloid — a white amor^tkous precipitate 
(compare nicotine). 

Solution of sodium nitroprusside gives with dilute conine solu- 
tions, on 'standing or stirring, a red tint, which changes to yellow. 
The red tint disappears on warming, but appears again on cooling. 
(Distinction from nicotine.) 


mCOTINE, 

Nicotine is the alkaloid which occurs in tobacco, principally as the 
malate. It is a colourless liquid, but on exposure to air becomes 
brown. It has a disagreeable pungent odour. Distilled in air, 
some decomposition occurs, but it distils unchanged in hydrogen. 
It is also volatile with steam and alcohol. It is optically active Ikevo- 
rotatory). 

Nicotine is soluble in water, alcohol, ether, <fec. The salts are 
readily soluble in water and alcohol On adding an alkali to their 
solution the alkaloid separates, and may be obtained by dissolvinsf 
out with ether. 
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. TABLE SHOWING THE SOLUBILITY OF SALTS IN WATER AND ACIDS. 
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TABLE SHOWING- THE SOLUBILITY OE SALTS IN WATER AND AGim— continued. 




APPENDIX IV, 


2,2 a ii>T3 

-9 S 

cS O o d 




APPENDIX V. 


Unfoetunately from time to time several methods of writing the 
formula of chemical substances have been proposed and partly 
adopted ; consequently there are several modes in use, empirical, 
structural or constitutional, and graphic. All these are useful 
under certain circumstances. Structural, formulse are almost a 
necessity when dealing with so-called organic compounds. And, 
further, it is quite correct to use them always with organic com- 
pgunds, as in most cases they represent at least one way in which 
the organic compound can be built up or synthetised. With 
minerals this is seldom the case ; we know little of the structure ’’ 
of minerals excepting by analogy. It is, however, desirable that we 
should, wherever possible, express in a formula the constitution of 
the compound, for that will, or should, exhibit how and in what 
manner it will react with another substance. 

The formulse used in this boob^are, as far as minerals are con- 
cerned, empirical, showing only the number of atoms of any par- 
ticular element united together, and generally the hast possible 
number. 

By the adoption of a somewhat arbitrary arrangement most of 
these empirical formulse may be converted into a structural ” one, 
in which one idea, at any rate, of the constitution of the substance 
may be exhibited, and the same number of atoms indicated as 
taking a part by the purely empirical formulse still retained. 
Again, from these struct^ural ” formulse graphic may be formed j 
Iby arranging the atoms in space with regard to each other, so that, 
as far as we at present know, the element in a compound with the 
greatest fixing ” or combining power for other elements, taking its 
power in this respect for hydrogen as unity, is considered as the 
dominating element ; and its affinities must be first satisfied before 
those of other elements come into play, « 

This may be a correct assumption or only partially so. 

The ordinary formula for sulphuric acid is It is alone 

used in this book for simplicity. The action of peroxide of hydro- 
g’en on SO^ shows that it may be considered as SOjj(OH)3. When 
SO3 comes in contact with water, H^O, a direct union, as far m we 
can see, takes place, and hence the constitution would be HjjOSOg, 
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presence o£ water, on sulpbnric acid is to expel two hydrogen atoms, 
which might point to its being The action of on 

PbO^ or MnOg results in the formation of PbS04, or MnS6.„ a 
similar case to the first example. The action, again, of dry 
on NaCl, whereby NaHSO^ and HOI aib formed, points to the con- 
stitution H.SO3.OII. The electrolytic decomposition may point to 
action is probably very complex. 

Several compounds of oxides of sulphur with chlorine, with oxides 
of nitrogen, or even with HCl, are known, and their method of 
formation points to the existence of the group HO in the acids of 
sulphur, and also in most, if not^ all, other so-called oxy acids or 
negative hydrates like nitric or phosphoric acid. The action of 
POI5 and POCI3 on some of these acids, as H^SO^, also, by analogy 
with the ' actions of these reagents on alcoholic and similar com- 
pounds, points to the existence of HO in combination. 

The compounds PCI3, PCI 5, and POOI3 act on water thus : 

PCI3 + H;0 = pool + 2HC1; PCI, + H,0 = POCI3 + 2HC1, &c. 

On alcohol, O^HjOH, thus : 

PCI, + C,H,OH = POCI3 + HOI + C^H^Ol. 

Also on acetic acid : 

CH,,OOOH + PCI, = POCI3 + HOI + OH3COOI. 

Also POCI3 on sulphuric acid : 

It will be seen from this that great difficulties exist in ascer- 
taining the real structure of mineral compounds as yet ; but it does 
no harm whatever to form a mental picture of the possible structure 
of these substances, keeping as close to experimental facts as possible. 

The following table is therefore arranged so that from the 
probable constitution of the acid that of the salt may be expressed. 

The metallic bases are distinguished as monad, d^ad, triad, tetrad, 
pentad, and hexad, the acid representing the monad combination 
being in the first column. 

Other metals are represented by M", M'", In 

addition to the normal salts, various other constitutional formuise 
of mixed and basic compounds are given. The basicity of the acid is 
placed in brackets after its empirical formula. 
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From the above examples, in which the structural formulae^of 
mono-, di-, tri- and tetra-basic acids are given, it will be found easy 
to deduce general rules for making structural formulee for all salts, 
especially if the relative proportion of the metal to the negative 
element is carefully noticed. 

The examples are given only in the case of normal sal|)s ; but it 
will be found sample, if they are well remembered, to construct consti- 
tutional formulae for any acid or basic salt, and from these graphic 
formulae. 


HS,0, 


Examples of Graphic Formulce. 

Ferric sulphate. 

0 0 0 0 0 0 

0 

11 s s « 


H— 0— S— OH 


/\ /\ /\ 


O’ 


0 0 0 0 0 0 



H,SiO,. 

B^elspar. 

Si,0,,E:,Al, - 

0 0 0 

/\ /\ /\ 

K— 0— Si— 0- Si— 0— Si— 0— Si— 0— Si— 0— Si— 0— K 


I I I » I I ' 

0 0 0 0 0 0 



See also in the text the nucleus group formulae proposed for some 
double salts, as the chloroplatinates and others. 

Many points in this connection are waiting for further investi- 
gation. , 
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From the above examples, in which the structui’al formulae^ of 
mono-, di-, tri- and tetra-basic acids are given, it will be found easy 
to deduce general rules for making structural formulae for all salts, 
especially if the relative proportion of the metal to the negative 
element is carefully noticed. 

The examples are given only in the case of normal salts ; but it 
will be found ^mple, if they are well remembered, to construct consti- 
tutional formulae for any acid or basic salt, and from these graphic 
formulae. 
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See also in the text the nucleus group formulse proposed for some 
double salts, as the chloroplatinates and others. 

Many points in this connection are waiting for further investi- 
gation. 
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It is most particularly recommended that all reagenta be made 
up for the use of students as equivalent solutions. There is no 
difficulty whatever in carrying this out, and the advantage in 
practical teaching is very great. Approximately equal volumes 
of reagent solutions will then react completely, or neutralise each 
other. 

The tendency is generally to take too much for an analysis, and 
be in consequence working with very concentrated solutions and pre- 
cipitates it is difficult to wash properly. An equivalent reagent 
solution will be found to help most speedily in correcting this. 

These remarks appeared in a previous edition. Extended trial 
has further proved their advantages over the ordinary uncertain, 
indeed unknown, solutions. An additional table is given after this 
one, slightly modified from Mr. Eeddrop’s paper in the Ghemiml 
News (No. 1591). 

REAGENTS. 

SOLYENTS. 

BiSTiLiiBD Watek.^ — O btained by condensing steam by means 
of a tin worm. The first portions of the condensed water usually 
contain carbon di- oxide and ammonium carbonate, and should be 
rejected. 

• Impurities,— NlliQXi evaporated in a platinum vessel, distilled water 
should not leave a solid residue, either organic or mineral. Ammo- 
nium sulphide ought not to give a precipitate (Cu, Pb, Fe), neither 
ought basic lead acetate to cause a turbidity (00^^, No 

turbidity or precipitate should be produced bn the addition of 
ammonium oxalate (lime), barium chloride (sulphates), or silver 
nitrate (chlorides). Pure distilled water is colourless, inodorous, and 
tasteless. 

Water used for Nessler's test should be specially distilled in a glass 
retort with a few pieces of KUO and a little potassium perman- 
ganate, and the distillate rejected as long as the Nesaler solution 
indicates any traces of ammonia. 

^ ^ * The asterisk marks the more important reagents. 
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Alcohol (Methylated Spirit), or EfcHO.—Ordinaiy 

methylated spirit (i.e,, ethylic alcohol, 00 per cent.), may be employed 
for most purposes. It can be rendered practically absolute by shaking 
with well-dried potassium carbonate, and distilling the clear spirit in 
a flask or retort from a water-bath. ^ 

Lnpurities . — Commercial methylated spirit frequently leaves a 
^residue on evaporation ; if so, it should be rectified by distillation. 
It, should be without action on litmus papers. 

, 'Ether. — Ordinary ether (methylated, le., prepared from methy- 

lated alcohol) of commerce is pure enough. It should be kept over 
dried in a bottle.' ^ 


ACIDS. 

Sulphuric Acid,* H^SO^. — Common oil of vitriol may be used 
in all operations with which its usual impurities (lead, arsenic, iron, 
lime, nitric acid) do not interfere. Sulphuric acid, free from arsenic, 
should be employed for generating arsenious or antimonious hydride, 
and an acid free from lead, whenever this metal has to be pre- 
cipitated as sulphate. Sulphuric acid, free from nitric acid and nitric 
peroxide, must be employed in testing for nitric acid by means <4 
ferrous sulphate. 

Impurities . — Pure sulphuric acid is colourless, and leaves no 
residue on evaporation in a porcelain dish. When a solution of 
ferrous sulphate is poured upon it in a narrow test-tube it should 
not form a brown ring where the two liquids come in contact (nitric 
acid and nitric peroxide), nor strike a blue colour when a highly 
diluted solution of the acid is ad del to a solution of pure potassium 
iodide and starch paste (nitrous acid). The presence of arsenic is 
best ascertained by passing a current of sulphuretted hydrogen 
through the dilute acid, or by generating hydrogen from zinc free 
from arsenic, and passing the gas through an ignited combustion 
tube {see Marsh’s test). Lead sulphate is frequently found in sul- 
phuric acid, and is precipitated on diluting with water, as it is less 
soluble in dilute than in concentrated acid. Hydrochloric acid should 
cause no turbidity (lead) where the two liquids meek 

The pure acid can readily be bought, §Lnd the student need not ^ 
attempt to purify the crude acid. 

Dii^ute Sulphuric Acid.* — Prepare by pouring slowly one part 
by measure of the concentrated acid (sp. gr. 1*8) into five prts by 
measure of distilled water, with continuous stirring. Thin glass 
vq^sels (beakers), or a porcelain dish, should be employed, as much 
heat is evolved. Allow the lead sulphate to subside, and decant or 
syphon ofl' the clear liquid. 

« ^ 

Nitric Acid (Aqua Fortis), HNO^. — Should be colourless, and ^ 
leave no residue on evaporation in a glass dish. 

Impurities . — Sulphuric and hydrochloric acid. Dilute consider- 
ably, and test portions with barium nitrate and silver nitrate. « 
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lOiLOTE Niteic ACID.*-Prepared by diluting one part of pvire 

water. 

Crude Nitric Acid.*— May be employed for all experiments in 
wbicb the above impurities do not interfere, e.g., m the preparation 
of NA or N.Ojby tL action of nitric acid upon cop^ier or arsenious^ 

anhydride. ' ^ 

Concentrated Hydrochloric Acid,* Muriatic Acid, HOL- ^ 
Should be colourless, and leave no residue on evapoiation. ^ ^ 

Imito-Ferric chloride, sulphuro,^ and sulphuric acids, 
arsenif^ The dUute acid should not impart a blue colour to a 
solution of KI and starch paste (Cl or Fe^Clj).— On adding a few 
droDS of a solution containing iodide of starch, the blue colour shou d 
lot be destroyed (SO,). The dilute ^ 

addition of a solution of barium chloride bulpuuiewea 

hydrogen, when passed through the dilute acid should 
a Vecipifa*® (arsenic), nor should ammonium sulphocyanate ledden 

the diluted acid (iron). 

Crude Hydrochloric AciD.*-Should be employed whenever 
the impurities which it contains do not interfere with the object 
in view— as, for instance, in the preparation of chlorine from man- 
ganic dioxide. 

Aocta Regia or Nitrohydrochloric Acid.— Prepared, when 
required only, by mixing one part of concentrated nitric acid with 
three to four parts of hydrochloijio acid. 

Sulphurous Acid, H, SO, .-Prepared by acting with concen- 
trated sulphuric acid upon copper, and passing the gas into water. 
The solution should be kept in a well-stoppered bottle. 


Carbonic Acid Water.— A solution is prepared by acting with 
hydrochloric acid upon marble, and passing the evolved carbon 
dioxide into water. 

Chlorine .Water.— A solution of chlorine in water is readily 
• •Drenared. It should be kept in a well-stoppered bottle, and in a 
dark place, since on exposure to light it is speedily converted into 
HCl, with evolution of oxygen. 


Acetic Aoid,* (ooOH-""^* leaveno residue on evaporation . 

Impurities . — Sulphuric and hydrochloric acids, lead, copper, iron, 
lime. 

Tartaric Acid, CAeO* = ^(fiO),.— A solution is prepared when 
' required only, as the acid undergoes decomposition in an aqueous 

solution, . * 

JmpMnJies.— Tartaric acid contains sometimes gypsum and 
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calcium tartrate, which are best tested for by igniting a few crystals 
on platinum, extracting the residue, if any, with a few drops of 
dilute HOI, and adding to one portion BaClj, to another ammonia 
and ammonium oxalate. 

» 

^ Oxalic Acip, — The commercial acid is sufficiently 

.pure. It should not leave more than a trace of a residue on 
ignition. 

Impurities, — Iron, potassium and sodium oxalates, lime. 

Hybrofluouic Acib'HF. — A solution stored up in a gutta- 
percha bottle is best bought, as its preparation involves expensive 
apparatus. It should leave no fixed residue on evaporation to 
dryness. 

Hydrofluosilicic Acid, — A solution of this acid in 

water is prepared as descriljed under silicates, &c. It should be made 
sufficiently strong readily to precipitate a soluble barium salt. 

■ Impurities,— Owing to the mode of preparation the acid is often 
contaminated with sulphuric acid. It should not produce a precipi-.^ 
tate in a solution of a strontium salt. 


Hybrosulphurio Acib, SHg. — Prepared when required. In 
well-appointed laboratories sulphuretted hydrogen is now usually 
stored in a gasholder over oil, and supplied like coal gas from small 
taps, in closets, connected with tl^ chimney. The gas, whether 
obtained from a constant generating apparatus or from a gas- 
holder, should invariably be passed through a wash-bottle containing 
water. A saturated solution of sulphuretted hydrogen in water 
answers most purposes of the analyst. It should be kept in a well- 
stoppered bottle, since sulphuretted hydrogen decomposes . rapidly 
when in contact with air, with formation of sulphur acids and pre- 
cipitation of white sulphur. 

If the gas be required entirely^ free from ASII3, it should be 
generated by acting with pure HCl (concentrated) upon native grep 
antimony^ Sb^Sg. 


BASEB AND METALS. 

PaiAssiuM HyBROXiBE,** KHO, or Sobium Hybroxibe, NaHO.— , 
Usually obtained in commerce in the form of sticks or lumps. 

Impurities, — Silica, alumina, phosphoric, sulphuric, and hydro- 
chloric acids (sulphates and chlorides, often in not inconsiderable 
quantities), and carbonic acid. On dissolving in water, and allow- 
ing the suspended matter to subside, the clear solution may be 
syphoned offi 

Pure sodium hydroxide is indispensable for the separation of 
alumina from the oxides of iron and chromium. ^ 
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» Ammonium Hydroxide,*'^ NH^OH. — The liquor ammionii camtici 

of commerce has a sp. gr. ’88 . t , i i i i 

Impurities,'— A. solution of ammonia should be colourless ; on 
neutralising with pure HOI it should remain inodorous. When 
evaporated in a glass or* platinum dish it should not leave any 
residue. Ammonia frequently contains traces of sulphuric and 
hydrochloric acids, and sometimes not inconsiderable quantities oh 
ammonium carbonate, when it will produce a white precipitate * 
the addition of lime-water, and sometimes other bases. 


Barium Hydroxide, B a(H9^). ^ 

Impurities.— solution commonly called baryta-water should, 
on precipitating with pure H^SO^, give a filtrate which leaves no 
fixed residue on evaporating to dryness in a platinum vessel* 

Calcium Hydroxide,* Oa(HO),.— Freshly slaked lime in powder 
is used in qualitative analysis, as well as a solution of lime, so-called 
lime-water. This is prepared by dissolving in cold distilled water 
some freshly slaked lime, allowing to subside in a stoppered bottle, 
and syphoning ofi‘ the clear liquid into another bottle. 

Ammonium Sulphide, (NH 4 ) 2 S.— Prepared by saturating three 
parts of ammonium hydroxide with sulphuretted hydrogen gas, 
whereby SHNH^ is formed. On diluting this solution of hydrogen 
ammonium sulphide with two parts of ammonium hydroxide, a sul- 
phide is obtained which contains a little free ammonia. The con- 
centrated solution may be dilute with ten times its bulk of water. 
It should be kept in well-stoppered bottles. Calcium or magnesium 
salts should not be precipitated; nor should the solution leave a 
residue on evaporation and ignition. The oxygen of the air decom- 
poses it gradually into NHg, OH^, and yellow ammonium sulphide 

- (NH,)A. 

Yellow Ammonium Sulphide.— Used for the solution and con- 
version of SnS into SnS^. It may be prepared by digesting the 
neutral with flowers of sulphur, and Altering the liquid. 

Sodium Sulphide, SNa^. — Prepared by saturating one portion of 
^ solution of sodium hydroxide with sulphuretted hydrogen, and 
adding it to the second portion. A little ferrous sulphide, which is 
generally precipitated, is filtered off. The solution must be kept in 
, a well-stoppered bottle. 

, , Soda-lime and Charcoal. — This is a most useful reagent for 
Ammonia, mercury, arsenic, cadmium, in the dry way. Mix two 
parts CaO with one part NaHO and one of charo<ml, moisten with 
water and mix thoroughly into a paste; place in a covered clay 
ccucible, and dry thoroughly in an oven ; pound up, and keep closely 
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SALTS. 

Hydrogen Disodium Phosphate,* HHa 3 P 04 + 12Aq. — Eecrys- 
tallise the commercial salt. * 

^ /??i/)?^?*{i5tes.-w-Sulphate and chloride. Ammonium hydroxide 

* shpiild not cause any turbidity on warming (alkaline earthy phos- 
phates). 

* r r<TT 

Sodium Acetate, | + 6Aq. The commercial salt gene- 

rally contains sodium sulphate. If a pure salt cannot be procured, 
sodium acetate may be prepared by neutralising pure sodium carbo- 
nate with pure acetic acid. 

Sodium Hypochlorite, OlXaO.— Prepared by shaking up one 
part of bleaching powder with ten parts of water, and adding a 
saturated solution of com^percial sodic carbonate as long as a pre- 
cipitate is produced. Allow to subside, and syphon off. 

Ammonium Oxalate.* — Purify the commercial salt by recrystal- 
lisation. ^ 

Impurities , — The salt should leave no fixed residue on ignition. 
Sulphuretted hydrogen or ammonium sulphide ought not to produce 
a turbidity or a precipitate. 

Ammonium Carbonate.* 

Impurities, — Iron, lead, sulphuric and hydrochloric acids. The 
salt should volatilise completely, and give no precipitate with barium 
chloride or silver nitrate (after acidulating with hydrochloric or nitric 
acid respectively), also no precipitate with sulphuretted hydrogen or 
ammonium sulphide. 

Hydrogen Ammonium Carbonate, NH^HCOj. — O btained in 
colourless rhombic prisms, on passing carbonic anhydride to super- 
saturation into a concentrated solution of ammonia. The salt is 
employed for the separation of As^Sg from Sb^S, ancbSnS^. A satu- 
rated solution is prepared when required. 

Ammonium Chloride.* — The commercial salt (sal ammoniac^ 
usually contains iron. Purify by adding to the solution a little 
ammonium hydroxide. Allow the ferric hydroxide to subside, and 
neutralise the alkaline filtrate exactly with pure HCl. The salt 
sfiould leave no fixed residue on ignition. 

Ammonium Molybdate. — This salt may be purchased. It is dis- 
solved in strong ammonium hydroxide and allowed to stand for some 
time. A slight yellow precipitate, containing ferric hydroxide,' 

. usually subsides. The clear fluid is poured into concentrated nitric 
acid as long as themolybdic acid which at first precipitates is entirely 
redissolved. The nitric acid solution should remain colourless on 
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foiling. A yellow precipitate indicates contamination with phos- 
phoric acid, and the reagent should not be used till it remains clear 
oix digesijion. 

SuLPHATE^—Recrystallise the commercial salt from 
fin amnt^oniacal solution in order to separate iron. Keep a saturated 
solution for use. 

Ammonium Kitrate, The commercial salt is recrystal- 

lised and dissolved, when I’equired, to a saturated solution. It should , 
leave no residue when ignited on platinum. ^ 

Barium Chloride,^ BaCl^ + 2Aq,— The commercial salt is 
rarely pure enough, and not infrequently contains lead. It should 
not give a precipitate with sulphuretted hydrogen or 'ammonium 
sulphide, nor should a residue he left after precipitating the whole 
of the barium by pure sulphuric acid and evaporating the filtrate 
in a platinum dish. Purify, if necessary, by passing a current of 
sulphuretted hydrogen, filtering, and recrystallising. 

Barium Kitrate, Ba(N 03 ) 3 .— Should not be precipitated^ by 
rilver nitrate, as it is sometimes employed, instead of barium 
chloride, in order to avoid introducing any chlorine into a solution. 
Pure barium acetate answers the same purpose. For other im- 
purities, test as for barium chloride. 

Barium Carbonate, BaCOa.— Prepared by precipitation of pure 
barium chloride with ammonium carbonate and hydroxide. Wash 
well till free from stir ujfthe precipitated barium carbonate 

with water to a thick, creamy consistency, and keep it for use in a 
stoppered bottle. Shake up before using this reagent. 

Calcium Chloride,* CaOljf + 6Aq, — ^The solution should be 
neutral to test-papers, and should not be precipitated by ammonium 
sulphide (iron). 

Calcium Sulphate, CaS 04 * — A saturated solution is prepared by 
repeatedly shaking up gypsum with water, allowing to subside, and 
syphoning off the clear liqfiid. 

Maonesium Sulphate. — The commercial salt (MgSOpiIg + 
^Aq.). R^rystallise. 

Ferrous Sulphate. — The commercial salt, FeS 04 -f TOH^, is 
pure enough, 

Ferric Chloride,* FejOlg. — ^Prepared by dissolving freshly pre- 
cipitated and well washed Fe,f(HO)Q in pure HOI, keeping the ferric 
^hydroxide in excess. 

. Silver Kitrate.* AstNO*.— P repared either from silver fnurel 
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acid, and precipitation as AgOl. Filter off the copper salt, and waish 
thoroughly with hot water ; transfer to a porcelain dish, and intro- 
duce clean strips of zinc. Collect the finely divided silver dn a filter, 
wash thoroughly with hot water acidulated with a little sulphuric 
acid, and dissolve in dilute nitric acid. ’Evaporate the solution to 
dryness, arid fi^se the residue gently. 

^ " Nessler’s Solution. — Dissolve 8*5 grms, of XI in 10 c.c. of 
Witter ; next dissolve 1*6 grm. of HgCl^ in 30 c.c. of water; add the 
mercury solution gradually and with continuous agitation to the 
sol.ution of potassium i^jdide, until the precipitate ceases to be redis- 
solved ; then add GO c.c. of potassiuih hydroxide and filter. Keep in 
a small bottle, out of contact with ammonia fumes. 

This reagent is of great value for the detection of mere traces of 
ammonia. 

Cupric Sulphate. — The commercial salt (CuSO^ + 5 Aq.) is puri- 
fied by repeated crystallisation. 

I7npuriti€s, — Iron, ziiic. 

Cuprous Chloride, 'Cu'^Clg. — Obtained by digesting CuClg with 
metallic copper and HCl. » 

Stannous Chloride, SnClg. — Prepared by boiling pure granu- 
lated tin in concentrated HCl, with the aid of a piece of platinum 
foil. Keep the filtered solution over granulated tin in a small 
stoppered bottle. It is best made as wanted in a test-tube. 

Auric Chloride, AuClg. — Prepared by dissolving pure^ gold^ in 
aqua regia, evaporating to "dryness on a water-bath and dissolving 
in water. 

Platinic Chloride, PtCl^. — Dissolve some platinum scraps in 
aqua regia. Precipitate with NH^Cl. Collect precipitate on a 
Swedish filter-paper ; wash with strong alcohol ; dry and ignite in 
a porcelain crucible, gently at first, and lastly to intense redness. 
Bedissolve the spongy platinum aqua regia. Evaporate repeatedly 
to dryness on a water-bath, with addition of HCh Pure platinic 
chloride should dissolve completely in puVe alcohol. 

Zinc, free from arsenic, granulated, and in the form of strips or 

sticks. ^ . 1 o ' i; 

Iron (steel), Copper, Tin, Lead, Platinum (used in the form of 
wire, bars, sheets, turnings), and Mercury can be obtained of sufficient 
purity for the purposes of qualitative analysis. 

Metallic Lead free from Silver. — Prepared by precipitation 
of lead acetate by metallic zinc, washing with hot water, then alcohol, 
and melting in a dry crucible. ^ 

Plumbic Dioxide, PbOg.— Readily prepared by digesting red 
lead in boiling dilute nitric acid. The brown powder is well washed 
by decantation, and lastly on the filter. ’ ^ 
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*> Manganic Dioxide, MnO^. — Use the powdered commercial black 
oxide, 

e 

Hidbogen Peboxide, O.ET^, or (HO),.— A solution may be pre* 
pared by passing a current of carbon dioxide through water in 
which baxium' peroxide is suspended. The precipitated barium 
carbonate is filtered off. The commercial article usually contains a 
little free mineral acid, such as HCl or H,SO^, added in order to- 
prevent its spontaneous decomposition. Hydrofiuosilicic acid is also 
sometimes met with, used probably (in excess) to remove any soluble 
baiium.salt. ^ 


Reagents used for Fusions and for Blowjnpe Reactions, 

Sodium Carbonate,* hJa^COg.— Should be free from sulphate and 
chloride. 

Fusion Mixture,* or White Flux.— Consisting of dry 3Sra.jCO.j 
and KgCOg, mixed in the proportion of their combining weights, ie., 
106 + 138, or in the proportion of 10 to 18. 

Pure carbonates free from silica, chlorides, and sulphates, should 
be procured, as their purification cannot be effected without using 
silver and platinum vessels. 

Black Mux . — Prepared by igniting ciystals of Rochelle salt 
(potassio-sodium tartrate) in a platinun^ or iron crucible. The 
residue consists of carbon and alkali carbonates. 

Microcosmic Salt,* NH^NaPO^ + BAq. — The salt should be 
dried, and used in the form of a powder. On being heated in a loop 
of platinum wire it is converted into NaPOg. 

Potassium Cyanide,^ KCy. — ^Exceedingly useful for reducing 
metallic oxides and sulphides, either in the crucible or on charcoal. 
For blowpipe reactions a mixture of equal parts of KCy and Na^COg 
(or fusion mixture) is preferable, because it sinks readily into the 
charcoal, and yields metallic glo|)ule8 of great purity. For the 
separation of M and Co the salt is dissolved, when required, 
nn twenty parts of cold 'vfater, as its aqueous solution is rapidly 
decomposed. 

* Potassium Nitrate,* KNOg. — Used as an oxidising agent. The 
commercial salt should be purified by dissolving the crystals in hot 
water to a saturated solution, and allowing to cool in a porcelain dish 
with continuous stirring. The nitrate falls out first as a fine whitS 
powder, meal nitre,” and the impurities — s.^., phosphate, sulphate, 
or chloride — are left in the mother-liquor* 

roci 

Potassium Chlorate,*^ -! — This salt can readily be obtained 

pure — i.e., free from chloride. Either by itself or in conjunction 
^ ^ith**hydrochloric acid, it serves as a powerful oxidising agent. 
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Borax,'* B,,Og(NaO)., or Na^P^+lOAq. — The crystals shoi-^d 
be gently heated in a platinum crucible till the water of crystallisa- 
tion has been driven off, and the mass kept powdered and ‘ready for 
use in blowpipe reactions. 

• 

Hydrogen Potassium Sulphate, KHSO^. — Prepared by heating 
in a platinunf dish 87 parts of normal potassium sulphate with 
*49 parts of pure sulphuric acid, till the clear mass fuses steadily. 
Pour out on a porcelain slab, and keep the lumps in a bottle. 

CoBALTOUS Nitrat:^, Co(NO.^).^. — U sed in solution only. Should 
be fi*ee from other metals. It is bSst to dissolve the nitrate ^in hot 
water, saturate with ammonia, and either expose to air or add a few 
drops of After it has formed a brown solution, filter, and 

neutralise with nitric acid. 


Vegetable Golouring-Matlers — Test-Papers, 

% 

Litmus Solution. — Digest the small pieces of commercial litmus 
with pure water until a strong purple-blue solution is formed, and 
filter. It should be diluted so that one drop of reagent — dilui^d 
HOI — added to a litre will turn it red, and a similar quantity of 
NH 4 OH turn it blue. Litmus paper is made by immersing filter 
paper in above solutions, and drying out of contact with acid or 
ammonia fumes. 

Turmeric Paper. — Prepared by digesting at a gentle heat one 
part of turmeric root with six parts of alcohol. Filter^ and soak 
strips of porous paper with the yellow extract. The dried papers 
should exhibit a fine yellow tint. Like litmus papers, they serve for 
the detection of free alkalies. All test-papers should be kept in well- 
stoppered bottles or wooden boxes. 

Indigo Prepared by gradually stirring four to six parts 

of fuming sulphuric acid into one part of finely divided indigo, and 
allowing the mixture to stand for forty-eight hours before pouring 
into it twenty parts of water. Filter, and keep for use in a dark 
place. The solution of indigo is used for detecting pitric acid, chloric 
acid, and free chlorine, owing to the formation of p^’oducts of oxida^ 
tion of a yellow colour. 

A considerable number of organic substances have been proposed 
as colour reagents in the same sense as litmus— that is, for distin- 
guishing the point where acidity ends or where alkalinity begins. 

Some of these are mentioned in the Appendix on Yolumetric 
'Analysis, 
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, Name of Reagent. 


Sulphuric Acid 

j> * * 

Nitric Acid . 

>» 

>> 

Hydrochloric Acid . 

?> ' 

” • 1 ' 
Sulphurous Acid 

Carbonic Acid 

Acetic Acid . 

» > * * 

Tartaric Acid 

Citric Acid 

if 

Oxalic Acid . 

Hydrofluoric Acid . 
Hydrofluosilicio Acid 

. it 

Hydrogen Sulphide. 

Chlorine Water 

• Bromine 

Bromine Water 

Hydrogen Peroxide. 

»» * 
Potassium Hydroxide 

Sodium Hydroxide . 

Ammonium Hydroxide 

if 

ti 

Barium Oxide 
Calcium Oxide 
Ammonium Sulphide 


Symbol. 


HySOi 

if 

HNO. 


^HCl 

a 

hc.;h,o., 

ti 

H,o;k,o„ 

h„c;h,o, 

it 

H.A04 

HP 

H.,SiP„ 

»> 

H.,S 

Cl, 

Br., 

ft 

H.A 

KHO 

Na’kO 

1 nil’oh 

ti 

ft 

BaO 

OaO 

(NHa,,S 


Molecular iKquivalent’ 

Equivalent System. 

weight. I 

i 

weight. 

Cjrms. 1 
! per litre. | 

Strength. 

98 

49 

i 

i 3C)N 

0 


1 5N 

a ' 


49 

1 N 

1 1 i 

63 ; 

it \ 

63 

1 

' '24N-. 

, it 

1 — 

16N 

1 5N 

'ii 


' 63 

1 N 

r 

3(5-5 

1 36*5 

— 

1 ION 


' — 

i 5N 

a 

t ” 

; 3f>.5 

i N 

82 

i 41 

■i 

1 4N~ 

62 

1 

1 31 

1 

N 

1 Ib'' 

60 

1 60 

i — 

i 17N 


150 

192 

90 

20 

144 

a 

34 


75 

»> 

64 

it 

45 

20 

72 

17 


60 

75 


t 


71 I 35*5 

160 i 80 


34 

a 

56 

40 

ti 

36 

ti 

153 

56 

68 


17 

»■» 

56 

40 

it 

86 

ti 

76*5 

28 

34 


5N 
N 
5N 
N 

— i uN 

64 I N 

_ ; 3N 

I -r- 

j 12N 1 

— i N 

! N 

I T ” 

! N 

i 5 ” 

87N 
N 
2 

4N - 
2N - 
T>K 
‘N 
5N 
N 

20N - 
5N 
N 

N 
3 
N 

m 

m 


66 

40 

35 
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Symbol of 
Substance 
taken. 


Method of Preparing Reagent. 


Sulphuric acid, sp. gr. 1*8427 at 15*5° C. 

Sulf)huric acid diluted to sp. gr. 1*1527 at 15*5°. 

200 cc. of 5 X sulphuric acid diluted to 1 litre. 

Nitric acid sp. gr. 1*50. 

Nitric acid sp. gr. 1*4268 at 15*6° C. 

Nitric acid diluted to sp. gr. 1*1656 at 15*5° 0. 

280 c.c.''of 5 N nitric acid diluted to 1 litre. 

Hydrochlori<? acid sp. gr. i*1611 at 15*5° C. 

Hydrochloric acid diluted to sp. gr. 1*0843 at 15*5° C. 

200 c.c. of 5 N hydrochloric acid diluted to 1 litre. 

Water at 15*5° C. saturated with sulphur dioxide (sp. gr. 
1*052). 

Water at 15*5° C. saturated with carbon dioxide. 


H,G4H406 


Acetic acid solid at 10° C. 

294 c.c. of 17 N acetic acid diluted to 1 litre. 
200 c.c. of 5 N’acetic acid diluted to 1 litre. 
375 grms. dissolved and diluted to 1 litre. 

75 

350 

70 




H^G 204 , 2 Aq 


94*5 

Hydrofluoric acid, sp. gr. 1*15 *? 


Water at 15*5° 


0. saturgled with hydrogen sulphide. 


Km 

Nako 


BaH.p.„8Aq 


Water at 15*5° C. saturated with chlorine. 

Pure liquid bromine. 

Water at 15*5° 0. saturated with bromine. 

Hydrogen peroxide, 20 violume solution. 

280 grms, dissolved and diluted to 1 litre. 

56 ,» »» if 

200 

40 }■< if if , . X 

Ammonium hydroxide sp. gr. 0*880 (liquor ammonia). 
Ammonium hydroxide diluted to sp. gr. 0*9643 at 15*5 . 
200 cc. of 5 N ammonium hydroxide diluted to 1 litre. 

52*5 grms, dissolved and diluted to 1 litre. 


1 


Water at 16*6° 0. saturated with calcium hydroxide. 


Saturate 600 c.c. of 6N ammonium hydroxide with HgS m 
a corked flask, and then add 400 c.c. of 6N ammonium 

200 0 . 0 . of 5N ammonium sulphide diluted to 1 litre. 
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Equivalent Sysh-m 

ame of Reagent. 

Symbol. 

Molecular 

weight. 

Equivalent 

weight. 

Grms. 
per litre. 

Strength. 







Sodium. Sulphide 

Na^S 

78 

39 


5N 

rv 



»» 

» » 

39 

' 'N ' 

Potassium Cyanide . 

KCy 

65 

65 

65 

N ' 

Potassium Sulphate 

K.SO, 

174 

87 

87 

N 

Potassium Iodide . 

KI 


166 

166 

N ' 

* 




N 

jj • * 





5 

Potassium Chromate 

K^CrO^ 

194-5 

97-25 

^ 97-25 

N 

Potassium Metantimoniate 

KSbO,, 

209 

209 

3*07 

N 

68 

Potassium Ferrocyanide . 

K,PeCy„ 

308 

92 

92 

N 

Potassium Ferricyanide . 

K.RFe.2Cyij 

Q58 

109*7 

109*7 

N 

Potassium Sulphocyanate 

KCyS 

97 

97 

97 

N 

Sodium Carbonate . 

Na.iCO., 

106 

53 

— 

3N 

jj * * 

Hydrogen Disodium Phos- 

99 


99 

53 

N 





2N 

phate 

HNa.2PO.i 

142 

47*3 

47*3 

3-orN 

Sodium Acetate 

NaaH,0., 

82 

82 



4N 

Sodium Sulphite 

Nau^O;, 

126 

63 

— 

2N- 

Sodium Thiosulphate 

NaaSaOa 

158 

79 

79 

N 

2 

Sodium Hypochlorite 

NaClO 

74-5 

74-5 





Ammonium Acetate 

NHAHaO., 

77 

77 


5N 

»» • * 

»» 

99 

99 

77 

N 

Ammonium Oxalate 

(NH,),0,0, 

124 

62 

37*2 

3N 

■"5 

Hydrogen Di-ammonium 





2N 

Phosphate . 

H(NH,).,POj 

32 

44 

44 

T 

Ammonium Carbonate . 

IT 

(NH,)2C0, 

96 

48 


m 

99 

- 

99 

99 

48 

K 

Hydrogen Ammonium Car- 

H(NHj)C 03 




3K 

bonate 

79 

3»-5 

— . 


Ammonium Chloride 

NH^a 

53*5 

635 


5N 

* 

Ammonium Sulphate 

99 

♦> 

99 

53*5 

N 


132 

66 

m 

N 

Barium Chloride 

208 

104 

104 

^ N 

Barium Nitrate 

BaN.^Og 

261 

130*5* 

65*25 

N 

2 

Barium Carbonate . 

BaCO., 

197 

98*5 


2N 

Strontium Sulphate 

SrSD4 

183*5 

91*75 

0*153 

N 

C^^lcium Chloride * 

Oaa^ 

m 

55*5 

55*5 

j 
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Symbol of 
Substar.ee 
taken. 


Method of Preparing Reagent. 


KQy 

^ K 0 SO 4 

Kl 


Dissolve 200 grms. of sodium hydrate in 800' c.c. water, 
-.^^aturate one-half with H 2 S, then add the other half and 
dilute to 1 litre. 

200 c.c. of 5N sodium sulphide diluted to 1 litre. 

65 grms. crystals dissolved and diluted to 1 litre. 

87 grms. dissolved and diluted to 1 litre. 

166 

t 

33-2 


KsCrO^ 


97*25 


K:2Sb206,7Aq 

K,FeCy,,3Aq 

K.,Fe2Cy,2 

KCyS 

Na.>C 03 , 10 Aq 


Saturated solution at 15*5° C. 


105*5 grms. dissolved and diluted to 1 litre. 
109*7 

97 „ » „ * „ 

429 

143 


HNa. 2 P 04 , 12 Aq| 

NaG,H,02,3Aq 

Na;SO„7Aq 

Na.,S203,5Aq 


119*3 

544 

252 

124 




99 99 

99 99 

99 99 

99 99 


C.,0,(NHJ, 


294 c.c. of 17N acetic aeft, neutralised with strong ammo- 
nium hydroxide and diluted to 1 litre. 

200 c.c. of 5N ammonium acetate diluted to 1 litre. 

42*6 grms. dissolved and diluted to 1 litre. 


H(NH,).>PO, 


NH 401 

(NHt),SO, 

BaGl2,2Aq 


196*7 grms. of ammoniun^sesqiiicarbonate dissolved in 333*3 
c.c. of 5N ammonium hydroxide and diluted to 1 litre. 
200 c.c. of 5N ammonium carbonate solutioi! diluted to 1 
litre. 

A saturated solution made by passing excess of carbon 
dioxide into 3N ammonium hydroxide. 

267*5 grms. dissolved and diluted to 1 litre. 

53*5 

66 

122 


BaNA 


65*25 


99 


BaCO^ 

SrSO^ 

paOiai^Aq ^ 


197 grms., freshly precipitated, suspended in water, and 
diluted to 1 litre. 

Water at IS'O"^ C. saturated with precipitated strontium 
sulphate. 

109*5 grms, dissolved and diluted to 1 litre. 
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Name of Reagent. ; 

* 1 

Symbol. 

••I 

Calcium Sulphate . • j 

1 

CaSOj 

•* 1 
Magnesium Chloride 
Magnesium Sulphate 

Ferrous Sulphate 

Ferric Chloride 

MgOL 

MgSO.j 

PeSO^ 

Fe^Cla 

Plumbic Acetate 

Phunbic Nitrate 

Silver Nitrate 

Pb(lH „04 

pm,o„ 

AgNO, 

I 

Silver Sulphate 

Ag^SOj 

Mercurous Nitrate . 

Hg,N, 0 ,, 

^ Mercuric Chloride . 

j HgCL 

Cupric Sulphate 

Cupric Chloride 

Stannous Chloride . 

1 CUSO 4 
CuOl .4 
SnOl^i 

Auric Chloride 

1 AuClj 

Platinic Chloride . 

' PtC* 

Magnesia Mixture (for 
Phosphoric Acid) . 

1 

i 


liquivali'iit System. 


Molecular 1 1 

Equivalent; 

— 

■ ' A 

weight. 1 

1 

weight L»rms. 

per litre. 

Strength. 

-y 



N 

136 j 

68 ! 

2*27. ' 

30 

1 

95 

r 

47*5 1 

47*5 ' 


120 

60 , 

60 

' 'N . 

152 

76 , 

76) , 

N ^ 

325 1 

54-17 1 

54*17 : 

1 

N. 

32C i 

162*5 

162*5 

N ^ 

331 

165*5 

165*5 

N 

170 

170 1 

170 

N 


1 . 


N 




~5 


I 


i N 

312 

156 j 

7*8 

1 20 

r 



N 

.524 

262 ! 

5*24 + 

5 + 


j 


m 

271 

1 135*5 

54*2 

5 

159-5 
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Symbol of 

Substance Method of Preparing Reagent, 

taken. 


0aS04,2Aq ’ Water at C. saturated with ^ecipitated calcium sul- 

" , phate. 

MgCL?,6Aq 101*4 grms. dissolved and diluted to 1 litre. 

Mfstf^JAq 123 

I’eSO'4,7Aq 139 

, ’ — 8*67 grms. of iron, as Fe.2H(.0g, dissolved in 200 c.c. of 5N 

^ " hydrochloric acid and diluted to 1 litre. 

PhC4Hp04,3Aq 189*5 grms. dissolved and diluted to 1 litre. 

Pbk,0,j 165-5 „ 

AgN'O, 170 . „ „ 

„ 34 

Ag2S04 Water at 15*5° C. saturated with freshly precipitated 

ai’gentic sulphate. 

Hg2N20o,2Aq 50 grms. dissolved in 40 c.c. 5N nitric acid and diluted to 
1 litre, a little mercury being idaced in bottle. 

HgClo 54*2 grms. dissolved and diluted to 1 litre. 

CuS04,5Aq 124*75 

CaCU2Aq 85*25 „ „ „ , 

SnOC2Aq 1 12*5 grms. dissolved in 200 c.c. of 5N hydrochloric acid and 

diluted to 1 litre, a little tin being placed in bottle. 

13‘1 grms. of metallic gold, converted into auric chloride, 

dissolved, and diluted to 1 litre. 

49*3 grms. of metallic platinum, converted into platinic 

chloride, dissolved, and diluted to 1 litre. 

Dissolve 68 grms. MgCl2,6§.q in about 500 c.c. of water, add 

165 grms. NH4CI, then 300 c.c. of 5N ammonium 
hydroxide, and dilute to 1 litre. 





COURSE OF PRA(’TICAU ('HRMISTRY. 


COMPAIUSON OF METRIC 


and BRITISH UNITS. 


MbItIg io BTitish, 


f) 

WEIGHT. 


1 gram 
1 gram 
1 kg. 

1 

X Tonne . 


15*432 grains 
0 035*274 oz. 
‘2*2046 lbs. 
0*019684 cvvts. 
()*98421 tons ^ 


1 grain 
1 oz. 

1 lb. 

1 cwt. 
1 ton 


nritish to Metric, 


0*064799 grams ^ ' 
:r- 28*349 grams 

0*45359 kg. 

rt: 50*802 kg. 

1*0160 Tonne 


1 Meter 
1 Meter 
1 cm. 


LENGTH. 

1*0936 yards, j 1 
3*2809 feet. ' 4 
0*39371 in. ‘ 4 bich 


0 *91438 Meters 
0 30479 Meters 
2*5100 cm. 


1 sq. cm. 
1 sq. M. 


1 c.c. 
1 c.M. 
1 litre 


AREA. 

0*15501 sq. in. | 4 sq. in. 
10*764 sq.ft. I 1 sq- ft. 


6*4514 sq. cm. 
(>•092900 sq. M. 


VOLUME. 


0*061027 c. in. 
35*317 c. ft. 
1*7608 pints 


I c. in. 
1 c. ft. 
1 pint 


16*386 c.c. 
0*028315 C.M. 
0*56793 litres 


1 atmos. 

1 atmos. 

1 kg. sq. cm. 
1 kg. sq. cm. 
1 kg. sq. cm.. 


PRES^HiE. 


= 0 *00656 tons sq. in. 

= 14*7 lbs. sq- in. 

- 0*968 atmos. 

r= 14*223 lbs. sq. in. 

r. 0*0063493 tons sq. in. 


1 ton sq. in. 
I lb. sq. in. 
1 atmos, 

1 lb. sq. in, 
1 ton s<i. in. 


152 atmos. 

0*6080 atmos. 

1*03 kg. sq. cm, 
0*070309 kg. sq. cm 
157*49 kg. sq. cm. 


ENERGY. 


1 M. Tonne 
1 M. kg. 


3*2291 foot tons. 
7;^331 foot Ibs^. 


1 foot ion 
1 foot ib.s. 


0*30969 M. Tonne 
0*13825 M. kg. 



ADDENDUM 


HYDROGEN DIOXIDE or PEROXIDE, — This substance is 

formed when some metallic peroxides, as BaOj, PbO., (see p, 20) are 
treated with acids. Thus BaO, + H,SO, = BaSO, + H,0,. The con- 
ditions are that the acids be dilute and temperature low, otherwise 
the reaction becomes 2 Ba 02 -f 2 H 28 O 4 = 2H.,0 + 2 BaS 04 + After 
separation of the insoluble barium sulphate the hydrogen dioxide can 
be concentrated by freezing the weak aqueous solution. Much water 
separates as ice, and the dioxide can then be further concentrated by 
evaporating under reduced pressure and over sulphuric acid. 

When pure it forms a colourless and slightly viscous liquid •of 
I’elative weight 1*46. It is easily decomposed on contact with many 
substances, and on heating, and is always employed in a more or less 
dilute aqueous solution. It is industrially employed for bleaching 
hair, feathers, silk, &c. On contact with metallic peroxides, as MnOg, 
or alkali permanganate, it evolves oxygen. The reaction with the latter 
is K,Mn,0, -p - K^SO, + 2MnSO, + 8H,0 + 50, ^ 

(characteristic). Potassium iodidf and starch paste to which ferrous 
sulx>hate has been added becomes coloured blue by H, 0 ,. 

A very dilute acid solution of potassium bichromate forms a 
deep blue coloured compound with traces of H,0,. The blue sub- 
stance dissolves in ether. A solution of titanium sulphate forms 
with H,/.), an orange-red coloration. 

It is possible that in a number of oxidation processes H,0, is 
formed in small amount, and then conveys some oxygen to the 
substance undeigoing oxidation, *a further quantii-y of H, 0 , being 
formed, and so on. • * • 

A small quantity is formed sometimes in the electrolysis of 
acidihed water, and some can also be found in the products of com- 
bustion of hydrogen, especially when this gas is burnt at a very small 
iet. 
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